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National  Security Implicat ions of
Inexpensive  Space Access

William W. Bruner III

  The nation which controls space can control the Earth.

—John F .  Kennedy
24 October  1960

There has been a great  deal  of  discussion in the space
policy community about  the technical  challenges of  gaining
economical  and rout ine  access  to  space.  Despi te  this ,  there
has been l i t t le  wri t ten about the opportunit ies which exist  for
the development of new missions for US military space forces.
Nei ther  has  there  been much discuss ion of  the  secur i ty  chal-
lenges that  any proliferat ion of access to space may present  to
the  Uni ted  Sta tes  and to  the  es tabl ished in ternat ional  order .
Even the most  forward-looking space advocates in the Depart -
ment of Defense (DOD) assume that access to space will  con -
tinue to be prohibitively expensive and difficult for the foresee-
able  future ,  that  a  US decis ion not  to  take advantage of  the
military potential of space is deterministic for the rest of the
world,  and that  “navigat ion,  communicat ions,  and survei l -
lance activities will likely remain the limits of space-based
capabilities” for all countries.1

Part of this failure to consider the possibilities of a world
radically changed by inexpensive access to space is a reaction to
the “expectations gap” set up by the gulf between mankind’s
collective dreams about its future in space and the realities of its
achievements so far. The collective public and political mind has
been shaped by powerful and convincing fictional images of
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space activit ies that we are not l ikely to see for a hundred
years.  Real world,  but slow moving and silent,  pictures of
ear th from space taken from small  spacecraf t  with cramped
cabins  and short  miss ion durat ion suffer  great ly  in  compari-
son to  images  of  robust  and operable  spacecraf t  spanning the
galaxy at  fas ter  than l ight  speeds.  A century af ter  the Russian
Konstantin Tsiolkovsky conceptually solved most of the prob-
lems involved in human space f l ight ,  over a third of a century
since the Soviet  sputnik ushered in  the space age,  and over  a
quarter  century s ince the United States  lef t  humanity’s  f i rs t
foots teps  on  another  ce les t ia l  body,  many thought fu l  and
technically literate people are conditioned by historical experi-
ence to  th ink of  access  to  space as  an expensive  enterpr ise
that is  technically difficult ,  dangerous,  and the exclusive prov-
ince of  huge government  and corporate  bureaucracies .2

This  s tands  in  s tark  contras t  wi th  the  a lmost  giddy opt i -
mism that  character ized thinking about  humani ty’s  future  in
space at  the beginning of  the so-cal led space age.  In  a  1959
issue of Air University Quarterly Review ,  for example, a serving
Air Force officer submitted an article from Command and Staff
College that  proposed using lunar craters  as ball is t ic  missi le
silos.3 Even without the Outer Space Treaty of 1967,  i t  is  hard
to imagine anyone in today’s US Air Force making a similar
proposal. 4 This  change in outlook,  condit ioned in part  by the
“expectations gap” and by changes in the fiscal  and poli t ical
landscape ,  has  shaped th inking on  th is  subjec t  over  the  pas t
35  years .

As a result  of  these diminished expectat ions,  as well  as
competit ion with other pressing poli t ical  and economic issues
whose solut ions don’t  seem related to space,  the American
body poli t ic has concluded that  routine civil ,  commercial ,  and
mili tary access to space is  not  a  nat ional  pr ior i ty;  not  because
it  is  not  technically possible,  rather,  because the experience of
the  past  38 years  argues  agains t  i t .  This  i s  t rue  even a t  the
end of a century of unprecedented technological  change.  This
lack of practical application for access to space and the rela -
tively small size of today’s commercial space industry combine
to  create  uncer ta inty  about  where  the  Uni ted Sta tes  should  be
headed in  space ,  and  because  of  the  bureaucra t ic  and  techni-
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cal complexity of traditional space operations, makes it  diffi -
cult to set a single long-range direction for the nation’s efforts
in space.  In fact ,  the uncertainty with which the United States
views the new medium is  reflected in the fact  that  there was a
nat ional  commiss ion char tered to  determine what  should  be
done in  space every year  between the Challenger accident in
1986 and 1993.  (This  s t reak is  s t i l l  unbroken,  the  Nat ional
Aeronautics and Space Administrat ion’s [NASA] Access to
Space Study  was  again  re leased in  1994 and 1995.)5

Political,  economic, and technological forces may be con -
verging at this point in history, however, to provide the United
States with a way to real is t ical ly pursue i ts  nat ional  purposes
in space.  With respect to poli t ical  forces,  there seems to be a
growing awareness  in  the  US government  that  something has
to be done to lower the cost  of space access.  Most of the
nat ional  repor ts  on space over  the  past  decade e i ther  say
something like “a coherent national effort  to improve launch
capabilit ies is desperately needed,” or, “above all, it is impera -
t ive that  the United States  maintain a  cont inuous capabil i ty  to
pu t  bo th  humans  and  cargo  in  o rb i t . ”6

Part  of  the reason for  this  new awareness  is  the high operat-
ing costs  of  the current  space launch fleet .  As overall  space
budgets  fall ,  operating costs for old-technology space launch -
ers grow as a percentage of total  costs .  In fact ,  space shutt le
opera t ions  present ly  consume about  one- th i rd  of  the  to ta l
NASA budget.7 This is one of the economic forces that is pro -
viding incentives to lower the barriers to space access.  The
other is the growing commercial space business ($5 bill ion in
1992 sales  and growing at  a  double  digi t  annual  ra te)  and the
possibil i ty that new technology will  make space access for
profit-making enterprises economical for the first t ime. 8

Underpinning these new poli t ical  and fiscal  reali t ies is  the
maturation of technologies that ,  together,  can solve some of
the engineering problems that  have tradit ionally forced space-
far ing nat ions to throw away the largest  part  of  their  space
vehicles. These new technologies: Lightweight materials from
the National Aero-Space Plane (NASP) and National Launch
System (NLS) programs, advanced propulsion from the shutt le
program and from Russia (in fact,  the NASA Access to Space
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S t u d y  bases  the propulsion system for  i ts  reference reusable
launch vehicle  on the Russian t r ipropel lant  RD-704 engine)  as
well  as  new computing techniques from the commercial  sector
have combined to offer the potential  for an order of magnitude
reduction in the cost of getting into orbit . 9

If  indeed this important part  of President John F. Kennedy’s
New Frontier becomes more accessible, however, there will  not
only be new opportunities for the United States;  there will  also
b e  n e w  c h a l l e n g e s  a n d  o b l i g a t i o n s  t h a t  h a v e  n o t  b e e n
thoughtful ly  considered.  These issues are  considered in  the
pages that follow.

Forces  Reducing the  Cost  of  Space Access

An examina t ion  of  recent  technica l  l i t e ra ture  on  space
launch,  foreign and domestic  wri t ings on space policy,  and the
recent activit ies of the US government seem to indicate that  a
confluence of bureaucratic,  political,  and technological forces
may be about  to  lower  the  barr iers  to  space access ;  not  jus t
for the United States,  but for other nations as well .  This ex -
panded space access could have implicat ions for  US mil i tary
doctrine,  and more importantly,  for US national  security.

Since the beginning of the space age with the launch of
sputn ik  in  1957,  people  who have  wr i t ten  and thought  about
using space for  nat ional  secur i ty  purposes  have proposed
crewed space vessels which did not cost  significant fractions
of the gross national product (GNP),  nor did they require an
advanced educat ion in  comput ing and as t rophysics  to  oper -
ate. Significantly, official Air Force publications of the late
1950s are ful l  of  speculat ion about  the implicat ions of  such
ideas.  They proposed using such manned space vehicles  for
bombing terrestrial targets (a proposal from a general officer
on the Air Staff) or for establishing intercontinental ballistic
missile (ICBM) bases on the moon. 1 0 Even Gen Henry “Hap”
Arnold, in his prespace age “Report to the Secretary of War” at
the end of World War II  predicts  manned “space ships” as the
weapons with which war would be waged “within the foresee-
able future.”1 1 There is  not  a lot  of  this  sort  of  thinking about
space in today’s military writing. In fact,  there is no mention
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of manned mili tary space f l ight  in joint  space doctrine,  and
the  as t ronaut  who re turns  to  Space  Command to  wr i te  doc -
tr ine informed by experience in the medium is  the except ion,
ra the r  than  the  ru le .1 2

Because of gradually declining faith in the United States’s
abil i ty to repeatedly and affordably gain access to space,  c u r-
rent  th inking has  become l imited to  automated systems with
throwaway ballistic-missile-derived launch vehicles that do lit -
t le  more than support  t radi t ional  terres t r ia l  operat ions . 1 3 This
declining faith in the potential  of space power in warfare is
partially traceable to perceived treaty and national policy l imi-
tat ions and part ial ly to the expectat ions gap described earl ier ,
but  i t  is  more fundamental ly related to the immaturi ty of
existing technology. 1 4 I t  s imply has not  been physical ly possi-
ble to conduct  affordable routine operat ions in the Mach 18
(suborbital) to Mach 25 (orbital) regime with existing propul-
sion, materials,  or fl ight control technologies.  In addition, the
early promise of  the space shut t le  (dashed with high space
shut t le  main tenance  and  launch  cos ts  and  the  loss  of  Chal-
lenger), the real izat ion that  a i r-breathing space planes (such
as the late NASP program) are not affordable or technically
unachievable  in  the  near  term,  and large  expendable  launch
costs  that  s t re tch far  in to  the  future ,  have combined to  make
the inst i tut ions charged with the responsibi l i ty  of  maintaining
US access  to  space  averse  to  changing the  s ta tus  quo and
res is tant  to  proposals  tha t  change th is  ca lculus  because  ear -
l ier  proposals  for  change have come to naught .1 5 Doubt ing
that  change is  possible,  they are loathe to accept  new ideas or
solutions,  even if  the technologies required to create General
Arnold’s ideal “space ship” were to become available. In fact,
s t rong ins t i tu t ional  forces  have grown up around the  es tab-
l ished methods of  doing business,  even if  they are demonstra -
bly more expensive in  the long run and less  operable  in  the
short  run.  Despite this  inst i tut ional  inert ia ,  however,  a  con -
junction of political,  economic, and technological forces in the
last  few years of the twentieth century may finally bring down
the  cos t  and technica l  sophis t ica t ion  required  to  get  in to
space, turning this period into General Arnold’s “foreseeable
future .”
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Confluence of Polit ical  Forces

Now, a  quarter  century af ter  the f i rs t  human beings set  foot
on the  moon,  there  is  an  unders tanding a t  the  highest  levels
of  the US government that  without  repeatable and affordable
access to space, it will be difficult, if not impossible, to accom -
p l i s h  n a t i o n a l  p u r p o s e s  i n  a n d  f r o m  s p a c e .  T h i s  u n d e r -
s tanding is  dr iven by the poor  cost  performance of  current
space access  methods ( this  includes low launch rates ,  high
costs,  and lack of reliability) and by the resulting lack of
hands-on experience with space which,  along with the expec-
ta t ions  gap discussed ear l ier ,  cr ipples  th inking about  what
can be done in  space.

There  are  as  many proposed solut ions  to  the  space  access
problem as there are players  in the space policy debate.  Nine
nat ional- level  s tudies  on the issue in  e ight  years ,  p lus  innu-
merable  internal  s tudies  in  agencies  across  the government ,
each with its own solution, are indicative of the lack of a
coherent vision for what is  possible or desirable to do in space.
This  incoherence is  due in  par t  to  the immaturi ty  of  space
technology, and due in part  to the fact that few “experts” have
actual ly been in space (because access is  s t i l l  restr icted to the
select few by the expense of getting there).  It  has been due in
largest  part ,  however,  to the struggle for organizational sur-
vival in a world of limited resources.

In  the  pas t  two years ,  Congress  has  a t tempted to  break
through the roadblock of  diminished expectat ions and lack of
policy direction. There now seems to be congressional under -
s tanding tha t  lack  of  assured  access  to  space  prevents  the
Uni ted  Sta tes  f rom pursuing  i t s  na t ional  purposes  there ,  but
at  the same t ime,  Congress has shown i tself  to be dissat isf ied
with the solutions proposed by the various agencies of  the
Executive Branch. 1 6 Congressional dissatisfaction with Execu -
tive Branch space policies has tradit ionally caused i t  to do two
things: first ,  to cancel every new expendable launch vehicle
(ELV) proposed by NASA and the DOD in recent years (the
Advanced Launch System [ALS], NLS, and Spacelifter), and
second,  to  direct  a  ser ies  of  s tudies  to  address  the problem.1 7

Immediately after the cancellation of Spacelifter and the effec-
tive cancellation of NASP, Congress directed NASA and the
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DOD to study space access in the FY93 NASA Appropriations
Act and in the FY94 Defense Authorization Act.1 8 T h e s e  s t u d-
ies ,  released within three months of  each other  in early 1994,
used  the  same technology  base  and ,  in  some cases ,  the  same
study part icipants;  but  came up with diametrical ly opposed
conclusions about  the best  way to solve the nat ion’s  space
access  problem (perhaps for  some of  the  bureaucrat ic  and
organizational reasons outlined above).

The Case for and against  Standing Down.  With large and
cont inuing requirements  for  access  to  space,  both the DOD
and NASA have lit t le choice but to continue their costly pre-
sent  launch operat ions as  they try to solve this  problem. The
US government mission model for  the next  15 years averages
about 30 launches per year,  while industry wil l  account for
roughly 15 more. 1 9 These continuing requirements  include ob-
ligations to our International Space Station  (ISS) partners for
space s ta t ion assembly missions ,  DOD launches of  nat ional
securi ty payloads,  and the replacement of  aging communica -
t ion and sensor satel l i tes  to address shortfal ls  highlighted in
Opera t ions  Deser t  Shie ld  and Deser t  S torm.  Al though the
DOD could use foreign launch services to get  i ts  “must carry”
payloads into orbit ,  former US representative Dave McCurdy
and his coauthors call  such a possibil i ty “truly disturbing” in
an article for Strategic Review in 1994. Dependence on foreign
launch vehicles in t ime of war or  crisis  could turn out  to be
even more cost ly than the status quo.  The private sector,  on
the other  hand,  does  not  mind going offshore  for  launch serv-
ices,  but  with an already negat ive balance of  payments ,  this
poses quest ions of  US economic competi t iveness that  are also
ult imately questions of  national  securi ty.  As recently as 1979,
the United States launched 100 percent of worldwide nongov-
ernment satell i tes.  Today, that  f igure is  closer to 40 percent.2 0

This s i tuat ion has deter iorated to the point  that  Charles  Bigot ,
t h e  c h a i r m a n  o f  t h e  E u r o p e a n  l a u n c h  c o n s o r t i u m  A r i-
anespace,  no longer  considers  the United States  to  be a  major
competi tor  in  the $1 bi l l ion commercial  launch business be-
cause “to develop a really new transportat ion system you need
probably between six and ten years [and] I  don’t  believe that
America will do it.”2 1
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With foreign officials dismissing the United States as unable
to compete, with a fiscal vise closing on both NASA’s and
DOD’s launch budgets ,  and with a  cont inuing nat ional  need
for  sovereign space access ,  there  seems to  be a  consensus
growing in  Washington and elsewhere that  something has  to
be done about  f ix ing space launch.2 2 The space policy commu-
ni ty  a lso  recognizes  that  the  Uni ted Sta tes  must  s imul tane-
ously fly the missions that  are necessary to the fulfi l lment of
national  policy goals.  This is  the context  within which the
following discussion takes place.

The Case for and against  the Status Quo.  There is always
the option of doing nothing to build on the technology devel-
oped for the programs that  have already been canceled.  I t
would save on the cost  of  a  new space launch vehicle in a t ime
of declining budgets and would decrease the technical  r isk of
developing new spacelif t  technology when the t ime f inal ly
comes to field a new launch vehicle.  However,  there are three
a rguments  aga ins t  th i s  approach .

The first  is  that the US’s foreign competitors are taking
more  and  more  of  the  launch market  away. As the Vice Presi-
dent’s Space Advisory Board on the Future of the US Space
Launch Capability Task Group (the “Aldridge Commission”)
report  put  i t ,

A decision by the Administrat ion or  the Congress not  to fund a new,
reliable,  low-cost operational space launch capabili ty is  a de facto
policy decision to forgo US competition in the international space
launch marketp lace ,  a  mandate  tha t  the  US government  wi l l  cont inue
to pay higher  pr ices  than necessary to meet  future government  launch
requirements,  and acceptance of less reliabil i ty,  less safety,  and higher
risks for space fl ight than our technology is  capable of providing.2 3

The second argument  aga ins t  the  s ta tus-quo approach i s
tha t  the  Uni ted  Sta tes  has  essent ia l ly  pursued th is  pol icy  by
default  after  the series of program cancellat ions discussed
earlier.  This policy has gotten the nation no closer to solving
the problem, but has cost several billion dollars ($2.4 billion
for NASP and $600 million for advanced logistics system [ALS]
and NLS).2 4 If  the nation does nothing with the technology
from these programs,  then this  money wil l  have been spent  for
naught .  The third reason,  as  out l ined above,  is  that  the cost  of
space launch is a large part of both NASA’s and DOD’s con -
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t inuing costs .  Al though the  shut t le  program is  under  cont inu-
ing pressure to cut  operating costs ,  i ts  share of the NASA
budget increases as the overall  NASA budget decreases.  The
same can be said for  the DOD space budget .  As overall  budg-
ets  decl ine  and launch cos ts  do not ,  there  are  not  enough
resources left  over for either organization to carry out i ts other
tasks. This is where much of the political incentive to “do
something about  space  launch” comes f rom.  Both the  DOD
Space Lift Modernization Plan (SLMP) and the NASA Access to
Space  Study considered the  opt ion  of  remaining wi th  the
s ta tus  quo.  Both  concluded that  the  cont inuing high cost  of
thei r  present  space  launch operat ions  were  not  suppor table .
In  addi t ion,  both concluded that  wai t ing would not ,  in  the
end, save money. As the NASA Access to Space Study states,
“delaying the decision of which space architecture to select by
four  or  f ive years  but  not  funding a  focused technology phase
will achieve nothing, since the lack of a focused technology
program during that  period wil l  not  reduce the r isks of  devel-
oping an advanced technology vehicle. Therefore, the choices
available in four to five years would be exactly the same as
those we face today.”2 5  NASA and the DOD both seem to agree
that  there is  nothing to be gained by wait ing.

The DOD Space Lift  Modernization Plan: the Case for
and against  Expendables.  The DOD study, the SLMP, con -
cluded that  pursuing new reusable  launch vehicle  technology
was “controversial” due in part  to the r isk.2 6 DOD recom -
mended,  therefore,  that  i t  remain committed to the evolution -
ary development of its present stable of aged Atlas,  Delta,  and
Titan launchers,  while investing in incremental  technology im -
provements.  The SLMP itself admits that this would deliver
l i t t le  or  no per  launch or  per  pound to orbi t  cost  savings.2 7

Despite the DOD’s enthusiasm for this  new evolved expend-
able launch vehicle  (EELV), however, there is no new money in
the president’s budget for either new or evolved expendables.
Congress  has appropriated $40 mil l ion in the FY95 Defense
Appropriations Bill  for an evolved expendable, but that is far
from the $2 bill ion estimated total program cost,  so the Air
Force plans to take $400 mill ion out of i ts  own budget over
the FYDP to fund it.2 8 As in the cases of ALS, NLS, and
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Spacelifter before it ,  EELV is a conservative approach based
on what is essentially 1950s ballistic missile technology, deliv -
ering small  savings in per launch costs.  I t  is ,  in fact ,  intended
to be even more technologically conservative than earlier ex -
pendable programs to cap the development  cost  a t  $2 bi l l ion.2 9

Even wi th  such a  cap,  however ,  these  development  cos ts  are
st i l l  of  the same order of  magnitude as those for  a major
weapon sys tem.  With  th is  mul t ib i l l ion  dol lar  development
cost, the EELV will narrow , not  reduce,  the  range of  medium
lift costs from $35–$90 million to a projected $50–$80 mil -
l ion.3 0 Although standardization of the launch fleet  to a single
vehicle/contractor  combinat ion from the separate  and cost ly
Atlas,  Delta,  and Titan programs will  bring some savings,  i t  is
impossible to get  away from the fact  that  “staged expendable”
means, in effect, building two vehicles every time you fly,
mat ing them met iculously ,  and s inking both craf t  in  the  ocean
when the mission is  complete.  As W. Paul  Blase says in the
March 1993 edition of Spaceflight magazine,

All current  rocket  launchers are derived from 1960s era ICBM designs,
and man-rat ing procedures  are  merely ways of  producing man-rated
ammunit ion.  Rocket  designers  are  conservat ive by their  nature and
the high cost  of  both the  vehicles  and their  payloads  causes  them to
refine the same basic concepts  continuously to f iner  and f iner  degrees,
taking few risks with radically new ways of doing things.  This has
resulted in a si tuation very much l ike trying to pull  a semi-trailer  with
a racecar.  Like a racecar,  ICBM-based rockets are designed to get
max imum per fo rmance  f rom min imum equ ipment .  Techno logy  i s
pushed to  the  very br ink to  wring out  that  las t  ounce of  thrust .
However ,  i t  i s  an engineer ing t ruism that  when one gets  near  the
theoretical l imits of a system, every additional 10 percent increase in
performance doubles the systems cost  and halves i ts  rel iabi l i ty .31

The NASA Access to Space Study—the Case for and agains t
Reus ables.  The civilians at  NASA, using essentially the same
data, came to a different conclusion. They believe that neither
ELVs nor  the  shut t le  are  sui table  launch vehicles  for  the
twenty-first  century.  They believe that  the t ime has come for
the nation to move to the next technological level. Accordingly,
NASA’s Access to Space Study recommended that  the  Uni ted
States “adopt the development of an advanced technology,
fully reusable single-stage-to-orbit rocket vehicle as an Agency
goal.”3 2 In addition, NASA concluded, “leapfrogging” the United
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States  into a  next-generat ion launch capabil i ty  would place
the nat ion in  an extremely advantageous posi t ion with respect
to international  competi t ion. 3 3

As a result  of  the separate posit ions taken by the agencies
primarily responsible for the nation’s access to space, the Ex -
ecut ive Branch has  decided not  to  focus  on a  s ingle  s t ra tegy
for  space access in the twenty-f irs t  century.  Instead,  the new
national  space policy accepts the NASA posit ion on sprinting
ahead to reusable launch vehicle technology while also main -
taining a core expendable capabil i ty in the interim (managed
by the more risk-averse DOD). 3 4 The language of the new
NASA Implementation Plan for the National Space Transporta -
tion Policy makes this clear.  Administration policy, NASA says,
“calls for a balanced two-track effort; first,  to ensure contin -
ued access  to  space  by suppor t ing and improving our  exis t ing
space launch capabil i t ies ,  consis t ing of  the Space Shutt le  and
current ELVs; second, to pursue the goal of rel iable and af-
fordable  access  to  space through focused investments  in ,  and
orderly decisions on,  technology development and demonstra -
t ion for  next-generat ion reusable  t ransportat ion systems.”3 5

This two-track approach,  while  i t  sat isf ies  the competing
bureaucracies  of  NASA and the DOD, and appears  to  manage
risk prudently, does not seem to be fiscally or politically realis -
tic. As outlined above, every expendable launch vehicle  t h a t
DOD and NASA have proposed in recent  years  has been termi-
nated by Congress . 3 6 These cancellat ions had less to do with
the merits  of the respective programs than with the l imited
launch savings over exist ing launch vehicles and high pro -
gram costs  (relat ive to those same l imited savings)  that  are
characterist ic  of  expendables.3 7 With this  in  mind,  a  space
policy that  calls  for two new program starts,  one of which is
an expendable  much l ike  those  canceled in  the  recent  pas t ,
has little likelihood of continued funding from Congress. It
seems more prudent,  and polit ically realist ic,  for the Executive
Branch to  decide ear ly  which t rack i t  wishes  to  pursue,  and
then to focus i ts  efforts  there.

What explains the significant difference between the two
recommendat ions? I t  i s  important  to  answer  this  quest ion be-
cause the political viability of the president’s two-track ap-
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proach depends on the ability of NASA and DOD to convince
Congress  of  the soundness  of  the reasons underlying their
respective recommendations over the lifetimes of the two pro -
grams.  In an era of  l imited resources,  the recommendation
that  fai ls  to s tand up to the scrut iny of  lawmakers wil l  not
survive,  no mat ter  how st rongly i ts  bureaucrat ic  const i tuency
believes in its merits.  The rest of this section will  attempt to
de te rmine  the  reasoning  under ly ing  the  two recommenda -
tions,  and to assess their  respective polit ical  viabili ty in the
Washington of  the late  1990s.

The Political Viability of the RLV  and ELF . The first
quest ion in determining the viabil i ty of  the respective ap-
proaches  is  whether  technology advanced so far  between the
two repor ts  that  reusable  launch vehicle  development  sud-
denly became more possible and less “controversial.” This is
not likely. In fact, the NASA report was released first and DOD
used the NASA study for purposes of comparison. 3 8 The NASA
report’s assessment of the technology’s potential to solve the
nation’s launch problem seems,  therefore,  to have been driven
by some other factor. If the level of technology is acknow -
ledged by both reports  as  being within s tr iking distance of  an
operational  reusable vehicle,  then,  to observers in Congress,
NASA’s choice would appear bold and the DOD’s choice suf-
fers by comparison. It  would be difficult for DOD to make the
“immature  and r isky” technology argument  and mainta in  the
funding level for the old technology EELV when NASA’s flying
advanced technology demonst ra tors  a re  compet ing  for  the
same dollars.  (This calculus would change, of course,  if  either
program ran into major  technical  t rouble.)

The second quest ion is  whether  the two conclusions were
driven by differences in the risk tolerances of the two institu -
t ions.  Perhaps so.  The DOD argues,  correct ly,  that  the stakes
are  h igher  in  the  na t ional  secur i ty  arena ,  and tha t  the  na t ion
can i l l  afford another launch hiatus caused by exclusive rel i -
ance on high-risk technology (as i t  suffered after  the Chal-
lenger explosion). NASA argues, also correctly, that risk has
been reduced by recent  advances in  l ightweight  mater ials ,
thermal  protect ion,  high speed computing,  the a t tendant  f l ight
control  and systems integration software,  and other technolo -

BEYOND THE PATHS OF HEAVEN

376



gies .  Even though these advances do not  reduce the r isk of  the
reusable launch vehicle to zero, NASA, it seems, is willing to
take some programmatic r isk to protect  US competi t iveness in
the international  launch vehicle technology race.  Congress is
likely to be more sensitive to this concern than to DOD’s
nat ional  securi ty concerns in the wake of  the cold war.

Along the same l ines,  r isk tolerance is  one thing,  but  did the
two institutions have differing perceptions  of  the  same  techn i-
cal  and f iscal  r isks? On the subject  of  the same prospective
(RLV)  technology that  NASA considered,  the DOD study says,
“A fully reusable, single stage to orbit space plane is an excit -
ing concept  to al l  the space sectors and industry al ike.  I t
offers benefits of responsiveness, reliability, operability, and
very low cost per flight which are universally agreed to be
desirable. However, the practicality of achieving those benefits
is controversial.”3 9 NASA, on the other  hand,  concluded that ,
“single-stage-to-orbit vehicles appear to be feasible because of
reduced sensit ivi ty to engine performance and weight growth
resulting from use of near-term advanced technologies (e.g. ,
tripropellant main propulsion, Al-Li [Aluminum-Lithium] and
graphite-composite cryogenic tanks,  graphite-composite pri-
mary s t ructure,  e tc . ) .  An incremental  approach has been la id
out  to  reduce both  technical  and programmatic  r isk .”4 0  Again,
with the same information,  NASA reaches the more forward-
looking conclusion.

NASA may be looking further forward,  but did this cause i t
to  manipula te  the  numbers  so  tha t  the  bold  RLV solut ion was
made to look unrealistically inexpensive? The similarity with
the DOD figures makes this  doubtful .  DOD est imated the cost
for a reusable launch vehicle program (technology and engi-
neering development) at  between $6.6 and $20.9 bill ion, while
NASA estimated the same costs at  $17.6 bil l ion.4 1 Though  the
upper  end of  the  DOD range is  h igher ,  there  does  not  seem to
be a significant enough difference in the estimates alone to
cause the  wide discrepancy between the  two recommenda -
t ions.  If  DOD was concerned that  i t  did not  have enough
money to go it alone (which, given the office of Secretary of
Defense (OSD) Bottom-up Review funding levels that were the
SLMP’s start ing point ,  seems a reasonable assumption),  i t
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could have proposed a  joint  nat ional  launch s t rategy with
NASA (as with Spacelifter and NASP), unless of course there
were unstated reasons for  not  doing so.4 2 These unsta ted rea -
sons might  include the percept ion that  because cooperat ion
with NASA on ALS, NLS, Spacelifter, and NASP was difficult,
and each program ended badly,  a  DOD-only program might
have  a  be t te r  chance  of  success  (a l though the  DOD has  man-
aged to get quite a few programs canceled on its own). Unfor -
tunately for the DOD, Congress has a long record of preferring
cooperative programs with joint program offices over compet -
ing  and  r edundan t  p rog rams .4 3 Unpleasant  experiences with
previously canceled programs are not a polit ically palatable
justification for the DOD going it alone.

Was there a stronger bureaucratic constituency for expend-
ables than for reusables in the DOD? The answer to this ques -
tion may lie in the strong institutional tie between the expend-
able ballistic missile acquisition community at the Air Force’s
Space and Missile Center in Los Angeles and the Air Force Space
Command at Colorado Springs, Colorado. The Space and Missile
Center (formerly the Ballistic Missile Office) managed all Air
Force ballistic missile acquisition during the cold war. It also
managed NLS and is the home of the program office for EELV.
Space Command, which was recently assigned responsibility for
the peacetime organization, training, and equipage of the ICBM
force, has launched the majority of the payloads it now controls
on expendables (and the rest on the partially expendable space
shuttle), and now is staffed with officers who spent years prepar -
ing to carry out the strategic missile mission with expendable
rockets. If there is an institutional tie between flying officers and
the program offices at Wright-Patterson Air Force Base (AFB)
where airplanes are acquired, then there may be a similar tie
between the missile officers at Space Command and the Space
and Missile Center at Los Angeles, California.

There was a small  consti tuency for RLVs inside DOD who
helped in the preparation of the SLMP, but i t  was confined to
the narrow group within Strategic Defense Initiative Organiza -
tion (SDIO) who had developed the DC-X subscale RLV dem -
ons t ra to r s .4 4 If there were a single difference between the two
studies ,  th is  may be the  most  s ignif icant .  In  contras t  wi th  the
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si tuat ion within DOD, there was a strong consti tuency for
RLVs within NASA. In fact, a group of engineers at NASA
around  1991  began  pub l i sh ing  a  number  o f  papers  on  the
feasibility of rocket-powered-single-stage-to-orbit vehicles.4 5

This  project  is  not  intended as  a  s tudy in  bureaucrat ic  deci-
sion making, i t  is  simply intended to serve as a tool for under -
standing how bureaucratic forces inside NASA and DOD drove
the president to a “two-track” policy,  when there were strong
political trends favoring one “track” over the other. In fact,  a
senior  administrat ion off icial  has noted strong congressional
interest in the RLV. 4 6 Congress was also willing to back this
preference up by voting more money for the RLV subscale
demonstrator in the FY95 Defense Appropriations Bill  than for
initial work on the EELV. 4 7 The EELV’s chances for survival,
given the unfortunate precedent of ALS, NLS, and Spacelifter,
would not be very good in the best  of circumstances,  but given
the real or perceived competit ion between an old-technology
ELV and a f lying RLV advanced technology demonstrator four
years hence, Congress is even more likely to cancel the EELV.
NASA has scheduled the advanced technology demonstrator
RLV to f ly no later  than July 1999 ( the 30th anniversary of  the
first  moon landing, a coincidence to be sure). 4 8 DOD’s EELV,
on the other hand, is projected to fly for the first  t ime in
2000 . 4 9 In today’s resource-constrained environment,  an ex -
pendable launch system on the drawing board will  f ind i t  very
difficult to compete for dollars with a flying prototype RLV. The
EELV’s first flight may very well be a year late and a couple of
bil l ion dollars short .  As Luis Zea says in the December 1993
i s sue  o f  Final Frontier, “Recycling ideas l ike the National
Launch System and the more recently proposed Spacel if ter
family of expendable boosters appears to be politically dead.”5 0

EELV program managers  a re  work ing  hard  to  p rove  h im
wrong, but  the weight of history is  against  them.

Convergence of  Economic Forces

Even if RLVs, arguably the precursors of Hap Arnold’s space
ships, are more politically viable and fiscally realistic than
EELVs, they sti l l  may not be affordable enough to avoid can-
cellation themselves. If Congress won’t vote $2 billion for an
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EELV, why should it vote $20.6 billion, $17.6 billion, $6.6
billion, or even the $5.5 to $6.5 billion figure quoted by former
astronaut  Pete  Conrad for  a  reusable  launch vehicle? 5 1 Per -
haps  i t  would be  cheaper  to  s tay wi th  current  ELVs or  the
shut t le .  Unfortunately,  as  discussed ear l ier ,  the cost  of  operat-
ing today’s launch fleet will  not permit that.  The DOD’s cur-
rent expendable fleet  costs $2.5 bil l ion a year (about 20 per -
cent  of  the DOD space budget ),  while NASA launches about
eight shutt les a year for $4.3 bil l ion (approximately 31 percent
of NASA’s budget). This is the source of urgency behind new
launch vehicle development.  While EELV makes a marginal
i m p r o v e m e n t  i n  p e r  m i s s i o n  a n d  o p e r a t i o n s  a n d  s u p p o r t
costs ,  the RLV promises to bring launch costs  down by a
factor of five to 50 (to between $1 and $10 million per flight). 5 2

The cost savings over the life cycle of the single stage to orbit
(SSTO) reusable “space ship” would be significant. The DOD
estimates the annual  operat ional  cost  of  a  f leet  of  four such
vehicles at $0.5 to $1.5 billion (as opposed to the $6 billion
p lus  fo r  today’s  expendables  and  the  shu t t l e ) . 5 3 I n  o t h e r
words,  even if  the DOD is right about the high up-front invest -
ment  required,  the nat ion would save at  least  $4.5 bi l l ion per
year. NASA conservatively estimates that payback on the in -
itial investment will occur approximately nine years from RLV
initial operating capability. 5 4 If  this is accurate, i t  becomes
difficult  to make an economic case for remaining with the
status quo.  The rest  of  this  sect ion tr ies to determine whether
there is a positive economic case for reducing the cost of
access to space (in addit ion to the weaker negative motivation
of dissatisfaction with the status quo).  The analysis will  also
attempt to deal with some of the fiscal issues raised by RLV
opponen t s .

The Economic Case for and against RLV. Even people
who are  skept ica l  about  rocket -powered SSTO unders tand
that  the  only reason to  make the large up-front  investment  in
RLVs  is the savings in life-cycle costs .  Some opponents  of  the
technology believe that the projected savings in life-cycle costs
are too good to be true.  There have to be,  they believe,  some
“hidden costs” to SSTO such as;  upper s tages required to
reach geostationary orbit ,  the inabil i ty to carry heavy payloads
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that will  force the DOD to retain the heavy Titan IV expend-
able for  national  securi ty payloads,  or  the expense of building
a huge l iquid hydrogen storage infrastructure. 5 5 These criti-
cisms, however,  back a conception of new ways of doing busi-
ness  in  a  world where spacecraft  have some of  the operabi l i ty
of aircraft.  (As will  be discussed shortly, this conceptual limi-
ta t ion is  even more dangerous in  the  nat ional  secur i ty  area . )

Analys is  of  these  three  charges  based  on  an  unders tanding
of  how ai r  t ranspor t  works  may be  useful  in  de termining
whether there are legit imate economic reasons not  to proceed
with SSTO.5 6 The paral le l  between ai r  t ransport  and reusable
space t ransport  operat ions may not  be complete ,  but  i t  i s
probably closer than the ball ist ic missile model in use today.

Charge I.  Opponents claim that  SSTO RLVs could not carry
the significant number of DOD, NASA, and commercial  pay-
loads  bound for geostationary orbit  (22,300 miles equatorial
orbit) since the NASA SSTO reference configuration is de-
s igned to  carry a  25,000 pound payload to  the planned inter -
nat ional  space s ta t ion orbi t  a t  just  220 naut ical  miles  a l t i tude.
The cri t ics claim that  the SSTO would have to carry an ex -
pendable upper  s tage (adding $16 mil l ion to i ts  per  launch
costs  for  a total  around $26 mill ion,  wiping out  enough of
SSTO’s per  launch cost  advantage,  making i t  uneconomical) ,
or that  the government would have to fund a multibil l ion
dol lar  reusable  upper  s tage to  get  the per  launch costs  down
to $14–$16 mill ion (with Congress in no mood to fund addi-
t ional  program star ts . )5 7 Further  analysis ,  however ,  reveals  an
answer that  is  entirely different for three reasons not consid -
ered by the cr i t ics .

1.  On-Orbi t  Refuel ing.  During the Persian Gulf  War,  when
planners  chose targets  in  Baghdad for  aircraf t  s ta t ioned in
southern Arabia,  a  refuel ing tanker  rendezvous was scheduled
as a  matter  of  rout ine.  This  is  what  reusable  launch vehicles
wil l  enable the United States  to  do in space.  Work has already
been done on cryogenic fuel  transfer in a microgravity vacuum
environment,  and even the US Air Force has considered in -
creasing the operational availabili ty of space assets by refuel-
ing them with ELVs. 5 8 (Although these ideas never flew be-
cause the high cost  and long delays of  ELV launches made
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such operat ions impractical ,  RLVs could bring them back to
life because of their lower cost and greater responsiveness.)

Developing and using these techniques for on-orbit  refuel-
ing,  reusable  launch vehicles  can themselves  become “reus-
able  upper  s tages”  a t  far  less  cos t  than a  new program s tar t .
The cost  for the “tanker” would not be analogous to that of
specialized air-breathing tankers for aircraft  refueling in the
il lustrat ion above,  and would not require the development of a
new vehicle .  Instead,  i t  would mean changing out  a  s tandard
RLV payload for fuel and refueling connections. Developing
these new techniques will  be difficult,  similar to the work
involved in making aerial  refueling a routine and safe opera -
t i o n .  A l t h o u g h  g r o u n d - b a s e d  e x p e r i m e n t s  u s i n g  p o s s i b l e
methods of  refuel ing in a  microgravity vacuum environment
have been conducted,  no such exper iments  have been con -
ducted in  space.  There are  the obvious problems of  gaseous
vent ing in  vacuum, f rozen connect ions ,  and unknown propel-
lant flow characteristics in microgravity. Mission needs will
drive the development of this capability,  not engineering curi-
osity. If the RLV is as operable as NASA believes it will be
(seven-day turnaround wi th  a  0 .95 probabi l i ty  of  on- t ime
launches), then there will be a strong incentive for civil,  com -
mercial,  and military operators to exploit the potential offered
by that operability. 5 9 Refueling in space is one way to do this,
al lowing operators to accomplish missions that  are not  other -
wise possible without developing entirely new vehicles.

Space ship operators would, however, have to ask themselves
several essential questions before they proceeded with any refu -
eling modification. Can we do without the ability to get heavy
payloads to geostationary orbit (GEO)? Probably not, since the
majority of the $5 billion space industry is presently in medium-
weight geostationary communications satellites.6 0 Can we afford
to operate ELVs or partial reusables far into the future? Both the
NASA and DOD space access studies say no. Can we afford the
billions of dollars that it will take to develop a new orbital trans -
fer vehicle? 61 Probably not, and especially if operators have just
spent billions of dollars to buy an RLV. Is there a possibility of
extending the range of the RLV to capture medium-weight geo-
synchronous satelli tes without the expense of a new program
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start? There may be, given the encouraging preliminary results
of the refueling studies cited above. If so, then a relatively small
investment in designing a new payload for an existing RLV
seems eminently more sensible than developing an entirely new
vehicle for a single purpose. Given these answers, it seems likely
that the refueling option will be attractive to RLV operators after
their ability to get to low Earth orbit (LEO) routinely has been
proven. Again, this modification is not trivial, but engineering
studies suggest that it is well within the realm of possibility.

2 .  Lower  Insurance  Cos t s .  The ELV is a lot like an artillery
shel l .  Once launched i t  cannot  be recal led.  That  is  why,  a t
every US ELV launch, there is an official at a console monitor -
ing the s ta tus  of  the mission and the ascent  t ra jectory.  I f  the
miss ion deviates  a  given amount  f rom predetermined parame-
ters,  the range safety officer detonates the vehicle’s destruct
package (if the vehicle hasn’t already destroyed itself). RLVs,
on the other  hand,  are  intended to  land safely af ter  every
mission and have buil t- in mission abort  capabil i t ies .  The fact
that  there is  no destruct  package on the f irs t  f lying subscale
RLV model is  a matter of some importance to i ts  program
m a n a g e r s .6 2 If an engine fails after takeoff, the vehicle exe -
cutes  an emergency landing as  the subscale  RLV did af ter  an
explosion during a test  f l ight  in June 1994.6 3

Beyond the obvious mater ia l  savings,  th is  has  enormous
insurance implicat ions.  At  present ,  payload insurance rates
for  expendable rockets  are a  s ignif icant  part  of  launch costs
for  commercial  concerns.  With insurance rates  around 18 per -
cent  of  the total  of  satel l i te  cost  plus launch cost ,  any reduc-
tion in risk could make for significant savings. 6 4 Assuming  a
st i l l  relat ively new reusable launch vehicle that  has demon -
s t ra ted i t s  in tact  abor t  capabi l i ty  a t  leas t  once,  we might
guess that  satel l i te  insurance companies would give commer -
c ia l  space  sh ip  opera to r s  an  insurance  d i scoun t ,  pe rhaps
charging 10 percent  of  launch value  ra ther  than 18 percent .6 5

For a $75 mil l ion medium-weight  geostat ionary communica -
t ions satel l i te  on a $60 mill ion expendable mission with the
same payload capaci ty  as  an RLV to LEO, i t  turns  out  to  be
over $66 million in savings for a single mission which more
than covers the cost of up to five RLV “tanker” missions in -
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sured for  thei r  launch costs  a t  a  10 percent  ra te . 6 6 In fact ,  a
$60 mill ion expendable mission launching a $75 mill ion com -
mercial  communications satell i te to geostationary orbit  with
$25 mill ion in insurance will  cost  more  than six $10 mil l ion
reusable missions with one payload carrier  and f ive refueling
missions.  There would be a total  of $13.5 mill ion in insurance
costs at  10 percent of satel l i te  plus launch cost  for the RLV
($148.5 mill ion total  launch,  payload,  and insurance costs) .  Of
course,  to make money,  the launch operator  would f ly as  few
tanker  missions as  possible .  The amount  of  fuel  brought  up
by an RLV designed to meet NASA’s X-33 requirements on five
missions would be far  in excess of what was needed to get  to
GEO. In fact ,  i t  would be enough to get  to  the moon.

In addition,  the refueled RLV would be able to take the
entire 20,000 pounds to GEO, while the ELV would have to
use up some if  i ts  payload weight to LEO to get the satell i te
into a  geosynchronous t ransfer  orbi t .  The numbers  out l ined
above suggest strongly that the enterprises with RLVs would
enjoy a significant competitive advantage over those still  flying
ELVs simply due to insurance savings.  This would not directly
affect DOD launch costs,  but if  a significant number of com -
mercial  payloads migrate to RLVs, then ELV production rates
will slow down and prices will go up. A similar slowdown in
Titan IV production has been the principal  cause of  a  60
percent  increase  in  launch  cos t s .6 7

3.  Follow-On Missions.  This  br ings us  to  the third reason
that the “additional cost  for upper stages” argument is  falla -
cious. If each of the five-tanker missions in the exaggerated
example above brings up 25,000 pounds of fuel ,  the RLV car -
rying the payload would not only have enough fuel  to deploy
the communicat ions satel l i te ,  i t  would also have enough fuel
to perform a follow-on mission  such as retrieval of the older
satelli te i t  is replacing (or even to go to the moon with one
more tanker mission). 6 8

Using  a  der iva t ion  of  the  rocke t  equa t ion ,  ∆v=g Isp 1 n
(M0/ ME), a gross lift-off weight of 1,000,000 pounds; a PMF of
0.90;  a  result ing vehicle empty weight  of  100,000 pounds;
space  shut t le  main  engine  vacuum Isp o f  453  seconds ,  and  an
approximate ∆v  of  12,000 fps required for translunar injection
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from earth orbit ;  an RLV could take on six 25,000 pound-fuel
loads and reach the moon for  a  lunar  survey mission s imilar
to the Ballistic Missile Defense Office’s recent Clementine mis -
s ion .6 9 Getting 18,000 more fps (two times lunar escape veloc -
i ty)  for  an orbi t  circularizat ion burn,  landing,  and takeoff
would require 21 more missions (which is less than NASA’s
projected space s ta t ion construct ion miss ion model  us ing a
far less operable spacecraft). 7 0 This  miss ion  a lso  requi res  a
vertical takeoff, vertical landing (VTVL) RLV.

This  may seem a  mass ive  under taking for  a  miss ion that
does  not  seem to  have much nat ional  pr ior i ty ,  but  the  oper -
abili ty of the RLV may make such a trip useful for economic
reasons to be discussed short ly.  That  said,  when the nat ion is
ready to return to the moon,  a  $28- to $280-mill ion mission
(28 RLV missions at $1 to $10 million each) modifying a vehi-
cle whose cost is  recouped in earth-to-LEO operations would
be far more cost-effective than paying the development cost for
purpose bui l t  orbi ta l  t ransfer  vehicles ,  lunar  landers ,  or  other
specialized vehicles. It  is cost competitive with a single Titan
IV launch and less  expensive  than a  space  shut t le  miss ion.
There is  no cost  comparison with expendables for  the retr ieval
or  lunar  miss ions ,  because  no  mat te r  how much money i s
spent on a single ELV mission with present or evolved vehi-
cles,  these multiple missions are not possible without develop-
ing other specialized expendable vehicles.

This  extreme example makes the point :  thinking about  re-
usable  launch  vehic les  in  the  same way as  expendables  can
prevent  the analyst  from seeing opportunit ies  that  wil l  be ap-
parent soon after RLVs become available.  As this example also
il lustrates,  i t  is  l ikely that  many more opportunit ies wil l  arise
once the space operabil i ty revolut ion takes place,  but  these
opportunit ies are so diff icult  to foresee that  they cannot rea -
sonably be used as justification, economic or otherwise,  for
RLV development.  There are,  on the other  hand,  enough pos -
sibi l i t ies  that  ear thbound analysts  a t  NASA and elsewhere are
able to justify the economics of proceeding along this develop-
ment path if  only to reduce today’s high operating costs .

Charge II. Opponen t s  a l so  cha rge  tha t  f i r s t -genera t ion
RLVs will be unable to loft heavy payloads.  Where the first

BRUNER III

385



charge was that  the  RLV compared unfavorably  wi th  medium-
lif t  ELVs,  the second charge is  that  the RLV cannot compete at
all  with heavy lifters.  On the face of it ,  this claim is accurate
as long as the launch operator  l imits  the mission to a  s ingle
launch.  Today’s  space community has been condit ioned to
think of gett ing satell i tes into orbit  as unitary events,  with
each launcher  custom-tai lored to each payload.  I f  a  payload
weighs  40,000 pounds  and i t s  miss ion is  in  geosta t ionary
orbit ,  conventional wisdom suggests the need for a heavy-lift
vehicle  plus a  t ransfer  s tage to take the whole package there
at the same time. Again,  this sort  of thinking will  be inade-
quate for the age of the reusable launch vehicle.  In the RLV
world,  as in the rest  of  the transportat ion world,  i f  the cargo is
too heavy to take in one tr ip,  the solution is  to put  i t  in two
boxes and make two trips.  As David C. Webb, president of the
Internat ional  Hypersonic Research Inst i tute  and former mem -
ber of President Ronald S. Reagan’s National Commission on
Space,  suggests in his Aerospace Industries Association of
America (AIAA) paper, “Spaceflight in the Aero-Space Plane
Era,”

Potent ial ly,  the way around this  problem is  to break the
pla t form up in to  smal ler  chunks  and launch them on smal ler
launchers.  I t  would be even less expensive to do this with
aero-space planes.  [Something he defines as:  “aero” because
such vehicles uti l ize the atmosphere,  “space” because they go
into space,  and “plane” because they are operated l ike air -
planes.  The SSTO vehicle,  therefore,  is  considered an aero-
space plane even though it  may not look like an airplane.]  I t
might  seem that  the large mil i tary reconnaissance satel l i tes
could not  be launched on aero-space planes .  However ,  one
possibility could involve splitting the satellite into two modules
tha t  a re  launched separa te ly  and assembled in  orbi t .7 1

If a Titan IV launch costs  from $250 to $320 mil l ion per
launch,  then one could theoret ical ly  take the payload up as
separa te  components ,  launching i t  in  25 to  32 miss ions  a t
$10 mill ion per tr ip and st i l l  break even. In fact ,  work-on-line
replaceable units for satelli tes (similar to those in the aircraft
world) is presently under way at the US Air Force’s Phillips
Laboratory.  Even though the laboratory is  working on modular
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sa te l l i te  const ruct ion for  s tandardiza t ion and cos t -savings
purposes,  some of this work could be directly transferable to
the on-orbit  assembly idea.  Again,  the extreme example makes
the point .  I t  is  poor analysis  to  make the blanket  assumption
that a medium-lift  RLV will  be unable to carry heavy payloads.
The operability revolution inherent in RLV technology will en -
able new solut ions to old problems,  and create  economic and
mil i tary  advantages  for  the  Uni ted States  in  space that  are
difficult to foresee. This will be addressed in further detail in
the discussion of the national  securi ty implicat ions of  the
RLV.

Charge III.  Final ly ,  opponents  charge that  because SSTO
requires  h igh Isp fuels,  which  today means  cryogens  such  as
liquid hydrogen, the high cost  of the terrestrial  hydrogen in -
frastructure necessary to  support  robust  operat ions wil l  be
prohibi t ive .  This  is  more  an argument  against  launch s i tes  a t
every airport than it is against the cost effectiveness of RLVs
in replacing the current  f leet  of  expendables and semi-expend-
ables.  Many of today’s launch vehicles use cryogens,  the space
shut t le  among them.  In  fact ,  the  shut t le  uses  the  same cryo -
gens that  NASA plans to use for i ts  planned RLV demonstra -
tor,  the X-33. There will  not be large fuel infrastructure costs
associated with the transit ion from the shutt le to RLVs. In
fact, as part of the X-33 Cooperative Agreement Notice (CAN),
NASA sets  out  as  a  program goal  that ,

the f l ight  vehicle shal l  be capable of  unplanned landing at
a l ternate  landing s i tes  wi th  minimal  suppor t  equipment /
facilities, e.g.,

– No existing cryogenic facilities, launch stands/equipment,
etc.

– Self-ferry of flight vehicle between landing and launch
si tes .  .  .  .  Equipment required to repair ,  process,  and
return vehicle  to  launch s i te  shal l  be  t ransportable . 7 2

If indeed the infrastructure requirements for ferry missions
are minimal and NASA finds it useful to launch some missions
from White Sands Missile Range, New Mexico, for extra energy
(because of its elevation), some missions from Florida for east -
ward equatorial orbits, some missions from Vandenberg AFB,
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California, for polar orbits, and some from higher latitudes for
higher inclination orbits, then the government is likely to build
the skeleton of an infrastructure that private interests can use
to begin commercializing the vehicles. Among past examples of
infrastructure investment for national  purposes that  turned out
to have enormous commercial implications was the worldwide
network of coaling stations for steamships in the late nineteenth
century. This network, built  by the industry and governments of
the great naval powers, became an essential element of national
security and a significant factor in the worldwide trade that built
the United States’s national wealth.

Another example was the infrastructure required to support
the automobile. In the early twentieth century, when Henry Ford
decided to mass produce the automobile, the infrastructure ar -
gument would have gone something like this, “Henry, how do
you expect to make any money? There are no roads to run those
things on and everyone lives right next door to the store where
they work. Even your factory workers are within streetcar dis -
tance of your plant. No one will spend the millions and millions
of dollars to build the roads or the petroleum-based fuel distri-
bution infrastructure for these things to run on.” The critic
would have been absolutely right, if Model Ts provided the same
amount of productivity per mile as horse carriages.

Similarly,  the infrastructure cost crit iques would be right if
RLVs are only as productive and operable as ELVs. However, if
there is  money to be made or  saved by operat ing RLVs,  then
the cost  of infrastructure will  be amortized through savings
and profi t ,  and as  the DOD est imate of  annual  cost  savings
over expendables shows,  those savings are in the bil l ions of
dollars per year. If one adds the profit  taken from foreign
expendable launch operators,  one could buy a lot  of l iquid
hydrogen and the  infras t ructure  required to  handle  i t . 7 3

The principal economic force acting to drive interest in and
funding for the RLV is the desire to reap the benefits of the
cost  savings inherent  in i ts  operabil i ty.  Launch costs  are de-
vouring the NASA and DOD budgets ,  and both inst i tut ions
know they have to do something to cut  costs  in the face of
cont inuing budgetary pressures .  So far ,  th is  i s  the  pr incipal
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economic force acting as a st imulus to RLV development,  but
there are  indicat ions that  i t  may not  be the only one.

Private Sector Argument for RLVs. Private sector interest
in  a  reusable  space launch vehicle  and in  a  possible  reusable
hypersonic point-to-point (as opposed to earth-to-orbit)  cargo
carrier is  another economic trend working to stimulate RLV
development .  The US government  has  a t tempted to  take ad-
vantage of  th is  in teres t  by pursuing a  unique acquis i t ion ap-
proach in the development of the RLV, offering “Cooperative
Agreemen t  No t i ce s”  r a the r  t han  t r ad i t i ona l  r equ i r emen t s
statements to begin the acquisi t ion process.  NASA, to maxi-
mize the private sector’s intellectual,  entrepreneurial,  and fi -
nancial  contribution to the RLV program, has issued a CAN
for an experimental flying vehicle, the “X-33,” that allows the
private sector,  for the first  t ime, to propose and include inde-
pendent  research and development  as  par t  of  their  corporate
contr ibut ion.7 4 This new approach is  designed to keep NASA
engineers from driving RLV design toward a predetermined
solution that meets only NASA’s needs, and not industry’s.  In
fact,  some NASA centers have had difficulty adjusting to the
new reali ty,  publishing reports that  seemed to favor one RLV
solut ion over  another ,  and earning a  wri t ten reprimand from
NASA headquarters for their  trouble.7 5 The objective of the
CAN, NASA says, is to

stimulate the joint industry/Government funded concept definition/
design  of a technology demonstrator vehicle, X-33, followed by the
design/demonstration of competitively selected concept(s).  The X-33
must  adequate ly  demonstra te  the  key design and operat ional  aspects
of  a  reusable  space launch system. As a  minimum, the scaleabi l i ty
and traceabil i ty of the X-33 airframe, cryogenic tanks,  and thermal
protection system (TPS) to the corresponding proposed SSTO rocket
must be identified.7 6

As of this writing, three prime contractors,  Lockheed Mar -
tin,  Rockwell  International,  and McDonnell  Douglas have en -
tered competi t ive SSTO concepts .  One of  their  designs is
scheduled to  be  se lected by July  1996 for  construct ion and
fl ight  as  ear ly as  possible  but  not  la ter  than July 1999.  NASA
will make every effort to accelerate this schedule and will
assist  the selected contractor(s) in any feasible manner to fly
the advanced technology demonstrator  before  July 1999. 7 7 At
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least  one other  private company sees the economic potential  of
reduced cost  access  to  space and is  pursuing RLV technology
outside of the CAN process. Kistler Aerospace is using the
profit  i ts  founders made from their  Spacelab venture (a pri-
vate/NASA cooperative project  that  has f lown on the shutt le)
to finance their  own reusable launch vehicle.  They plan to
raise $400 mil l ion from private investors  and to put  up $100
million of their  own money to fund the estimated half-bil l ion-
dollar program cost .  Though industry and government officials
give Kistler little chance of success, given estimates of RLV
development costs  in the bi l l ions,  the fact  that  investors  are
will ing to risk $100 mill ion of their  own money to pursue the
possibil i ty of  reusable space ships is  another strong indicator
that  economic forces are  in  place that  are  providing a  push to
the technology. 7 8

There are other potential  commercial  uses for an RLV that
have spurred some interest  f rom the pr ivate  sector .  Science
and science f ic t ion wri ters  have described intercont inental
ballist ic passenger and cargo spaceships for years.  In Philip
Bono and Kenneth Gat land’s  seminal  1969 book,  Frontiers of
Space,  the authors  propose a  200-foot- ta l l  intercont inental
passenger/cargo carr ier  for  suborbital  missions which could
haul  1,200 passengers 7,500 miles in s l ight ly over  one-half
hour.  A second idea,  Hyperion, was a conical VTVL SSTO
(much l ike McDonnell-Douglas’s  current  ideas)  that  could
carry  8 ,100 pounds  to  orbi t .7 9 In  the  December  1993 issue of
Analog magazine,  science writer  G. Harry Stine calls  suborbi-
tal  hops the “hidden market” for SSTO services.  As Stine
points  out ,  “any SSTO spaceship that  can take a  payload to
orbi t  can also del iver  passengers  and cargo to any place in the
world in  less  than an hour .”8 0

This could al l  be dismissed as  idle  speculat ion but  for  the
fact that Federal Express (FedEx), one of the leading on-time
freight express companies in the world,  is  giving its support to
the design review processes of all  three teams competing to
develop the X-33. 8 1 The FedEx interest on its own will  not
bui ld  the  space  ship ,  but  i t  does  seem to  indicate  tha t  there
are uses beyond access to orbi t  for  reusable hypersonic tech -
nology. This could provide an even stronger economic st imu-
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lus for the near-term development of single-stage rocket tech -
nology in light of the fact that the $200 billion size of the
commercial  air  t ransport  market  dwarfs  the total  worldwide
space-market figure of $5 bill ion.

There are also other missions for RLVs outside of conventional
earth-to-orbit NASA/DOD mission models that could drive the
market for them. Orbit-to-earth return missions  may also turn
out to be nearly as lucrative (e.g., space debris cleanup, on-orbit
satellite repair and salvage, and what might be called single-
stage-to-earth [SSTE] operations). The economics of these mis -
sions, however, are difficult to foresee and were already pro-
posed as missions for the space shuttle in the early 1980s (and
then turned out poorly). It may, in fact, be so difficult to foresee
the cost implications of SSTE missions that they are not useful
as economic justification for SSTO. The ability to routinely ren -
dezvous with and retrieve material from space may, however, be
an interesting capability that space ships give their operators
which has enormous national security implications.

Other possible missions are even more speculative (such as
space tourism, deep space exploration, military presence mis -
sions); using them as economic justification for RLV development
quickly degenerates into an argument over causality. In addition,
these missions are not relevant to the debate in the near term.
RLV space ships are justifiable on the economic grounds of cost
savings to be gained by eliminating ELV and shuttle operating
costs, by reducing the need for orbital transfer vehicles and Upper
Stage Development programs, and (if FedEx’s interest in X-33 is
an indication) on the grounds that there are air transport mis -
sions they can perform at hypersonic speeds.

Technological  Forces

Finally, recent technical advances provide the underpinning
for some of the economic and political trends discussed above.
Although space ships have been foreseen at least since the ad-
vent of the German A-4 rocket (known to the Allies as the V-2) at
Peenemünde on the Baltic coast during the Second World War,
they have not been technically possible because the weight of
the materials  and the specif ic  impulse of  the rocket  engines
available did not permit single-stage vehicles to achieve orbit .
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As early as 1946, US rocket designers believed that it was
possible to build SSTO vehicles with lightweight materials (usu -
ally allowing pressurized propellant tanks to double as vehicle
structure to save weight as the early Atlas  ICBM did) and high
specific impulse oxygen/hydrogen engines. 82 Unfortunately, nei-
ther lightweight materials nor LOX/LH 2 engines were available
in the late 1940s. A LOX/LH 2 engine had to wait  until  Centaur
in the 1960s and the shuttle became the first vehicle to use LH 2

at liftoff in 1981.8 3 Early drawings of these prospective single
stage vehicles bore an uncanny resemblance to the V-2. Al -
though some successor to the V-2 was arguably what Hap Ar -
nold had in mind when he wrote about “space ships,” the V-2, in
fact, turned out to be the technological predecessor of the costly
expendable rocket approach. The same German rocket engi -
neers who designed the V-2 also developed the Redstone missile
for the United States. Alan B. Shepard rode this missile on a
15-minute suborbital hop in 1961 to become both the first
American in space and the first American to ride a suborbital
hypersonic transport .

The German engineers  f rom Peenemünde then went  on to
form the  nucleus  of  the  des ign teams that  bui l t  the  Jupi ter
miss i le ,  which  led  to  the  Sa turn  I  and ,  in  tu rn ,  the  Sa turn  V
moon rocket.  Offshoots of the Huntsvil le team include the
Titan ICBM, which has become the Titan IV, today’s largest
and most expensive US ELV. 8 4 As St ine says in Confrontation
in Space, “nearly  all  of the USA space launch vehicle stable
s tands on the  foundat ion of  Peenemünde.”8 5

Interestingly, the design heritage of the modern RLV goes
back, not to Peenemünde, but to work done by Douglas Aircraft
for a nuclear-powered bomber for the US Air Force in the early
1950s. In the late 1950s, a young Douglas engineer named
Maxwell Hunter took the engine design for the canceled Air
Force nuclear airplane and began to investigate a single-stage-
to-orbit nuclear rocket called the Reusable Interplanetary Trans -
port Approach (RITA). After the RITA program ran its course,
aerospace engineer Bono came to work for Max Hunter at
Douglas and began his long work on the series of VTVL SSTO
concepts  which he descr ibes  in  Frontiers of Space. Through
the  1960s  and  1970s ,  SSTO ideas  languished  because  of  ma-
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terials  and propulsion l imitat ions.  Serendipitously,  US govern -
ment intervention in the form of the l ightweight  materials  that
came out of  the NASP and NLS programs revived these discus-
s ions  in  the  la te  1980s  and ear ly  1990s .

At this point, political forces converged with SSTO technology.
At the beginning of the President George S. Bush administra -
tion, a group of conservative space advocates including Max
Hunter and retired Army Maj Gen Daniel Graham, met with the
vice president and the National Space Council to advocate a
reusable VTVL SSTO rocket vehicle. Given the administration’s
commitment to former President Ronald Reagan’s scramjet-pow -
ered SSTO, the National Aerospace Plane, however, it would
have been politically difficult to start another NASA/Air Force
Joint Program Office to investigate rocket SSTO, so the admini-
stration decided that the well-funded SDIO should foot the in -
itial bill. Significantly, General Graham’s High Frontier Founda -
t ion had been par t  of  the  in i t ia l  impetus  for  SDI and he
remained one of its staunchest supporters.  It  is not surprising,
therefore, that SDIO obligingly funded four aerospace industry
study teams to research and design SSTOs capable of launching
10,000 pounds to polar low earth orbit. In 1991, however, Am -
bassador Henry Cooper, director of SDIO, under funding pres -
sure from Congress and interagency pressure growing out of the
perception that SSTO had become a very popular rival to other
launch system improvement programs, elected not to assume
management of the program beyond suborbital testing of a one-
third scale model, the DC-X. The program title was changed to
Single Stage Rocket Technology (SSRT), with any additional
SDIO funding beyond DC-X contingent upon a derivative of DC-
X meeting SDIO’s suborbital launch requirements. As a result,
and with the 1993 dismemberment of SDIO, SSRT became an
insti tutional orphan.

Not content with cutting Air Force follow-on funding for the
technology, agencies with competing agendas actively worked
to dismiss the possibility of rocket SSTO. In 1991, Martin
Marietta (makers of the Titan IV ELV) cast doubt on the eco -
nomics of rocket-powered SSTO and the Air Force space ac-
quisi t ion community dismissed the technology in a 1992 NLS
decision brief to the secretary of the Air Force.8 6 A primary
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back-up chart  from the briefing reflects this  posit ion in a
quote from the Aldridge Report, “NASP, SSRT, and High Speed
Civil Transport (HSCT) are not in competition with or a substi-
tute for NLS since these technologies are not sufficiently ma-
ture to risk ‘leap-frog’ development.”87

Desp i t e  t h i s  A i r  Fo rce  and  con t r ac to r  nay - say ing  Dan
Goldin,  the NASA administrator,  became interested in the idea
of a reusable single stage-to-orbit  launch vehicle after  seeing
the DC-X fly. 8 8 He saw the possibil i ty of an advanced technol-
ogy program building on the knowledge gained from DC-X
that  would restore  US leadership in  space and perhaps solve
the nat ion’s  access  to  space problem. This  was the genesis  of
NASA’s  sponsorship  of  the  subscale  advanced technology
demonstrators  that  are  now flying,  and arguably,  the begin -
ning of NASA’s interest in the X-33 idea.8 9

This idea did not  spring up overnight .  I t  has a  long techno-
logical  and engineering history and significant backing inside
and outside of  the space technology community ( there are
even three Internet  home pages dedicated to RLVs and to
political activism on the technology’s behalf). 9 0 With private
sector interest inside and outside of the NASA CAN process,
with public advocacy groups developing briefings for members
of  the publ ic  to  show to their  members  of  Congress ,  and with
a real  nat ional  need to  solve the access  to  space problem,
there now seems to be a significant impetus for the RLV to
change how the  Uni ted  Sta tes  opera tes  in  space .

This  moment  in  his tory is  unique in  American development
of the space frontier. The combination of the political, fiscal,
and technological forces that are driving the RLV idea seem to
add up to the possibil i ty,  and perhaps even the probabil i ty,  of
signif icant  near- term change in our  abi l i ty  to access space.
What wil l  that  mean for  US national  securi ty? That  is  the
topic of discussion in the remainder of this work.

Military Implications of
Inexpensive  Space  Access

As already outlined, the lack of routine civil  and commercial
access  to  space mil i ta tes  against  the development  of  robust
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methods for  using the medium for commercial  purposes.  For
similar  reasons,  i t  may also work against  the development of
robust  methods for  us ing the  medium for  nat ional  secur i ty
purposes.  In fact ,  the current  diff iculty in accessing space is  a
fundamental  reason for the l imited perceptions of  what  i t  is
possible to do there.

The state of  present  joint  US mil i tary space doctr ine as the
United States  lowers the barr iers  to  space access is  a  case in
point .  Joint  doctr ine assumes that  one of  the  “operat ional
character is t ics” of  space ci ted in “Joint  Doctr ine,  Tact ics ,
Techniques, and Procedures” (JDTTP) 3-14,  Space Operations ,
is “difficult access.”9 1 Any doctr ine  that  assumes that  access  to
the medium i t  addresses is  going to be diff icul t  and infrequent
is  also l ikely to assume that  operat ions which require  robust
and cont inuous access  (such as  protracted combat  or  logis t ic
resupply) will  not take place there. If  the conditions underly-
ing the doctr inal  assumptions change,  however,  then the doc -
tr ine derived from those assumptions is  not  l ikely to be pre-
pa red  fo r  t he  changed  cond i t i ons .  Th i s  happened  on  the
Western  Front  when Grea t  Power  assumpt ions  about  the  den -
sity of fire on the World War I battlefield proved incorrect, it
happened to  the  French dur ing the  Bat t le  of  France in  1940
when assumpt ions  about  the  speed of  armored maneuver  co -
ord ina ted  wi th  a i rpower  changed ,  and  i t  happened  to  the
Iraqis  dur ing the  Pers ian Gulf  War  in  1991 when assumptions
about  the  ef fec t iveness  of  a i rpower  changed.  This  sec t ion
at tempts to determine whether  this  sort  of  doctr inal  disconti-
nuity is likely in the next few years if the RLV programs called
for by the president’s new National Space Transportation Pol-
icy are  developed and access  to  space is  made much less
“difficult.”

Despite the limiting assumption of “difficult access,” there
a re  nevertheless  ideas in  present  joint  space doctr ine and
objectives in the president’s National Security Strategy (NSS)
that will  be useful in the RLV era. The 1994 NSS, for example,
says that two of the United States’s main policy objectives in
space are,  “continued freedom of access to and use of  space”
and “maintaining the US posi t ion as  the major  economic,  po-
lit ical,  military and technological power in space.”9 2 The draft
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joint  armed forces space doctr ine,  al though writ ten two years
earl ier  in  support  of  Bush-era space pol icy,  supports  the ob-
jectives of the 1994 NSS in this regard with the recognition
that  there are  cer tain s t rategic  locales  in  space that  have to be
control led in  order  to  maintain  access ,  what  Joint  Pub 3-14
calls “decisive orbits.”9 3 I t  also posits  that  space forces should
consider capabilit ies to “control” these orbits by force, but
then,  in a “Tactics,  Techniques,  and Procedures” manual ,  i t
provides no tactics,  techniques or procedures for doing so. 9 4

To be fair, access to space has  heretofore been difficult and, in
part because of that difficulty, few people on the Joint Staff have
had to think about how realistically to control “decisive orbits.”
Nevertheless, as General Arnold said of Air Forces in 1945,
“National safety would be endangered by an Air Force whose
doctrines and techniques are tied solely to the equipment and
processes of the moment. Present equipment is but a step in
progress, and any Air Force which does not keep its doctrines
ahead of its equipment, and its vision far into the future, can
only delude the nation into a false sense of security. 9 5

The same might be said today for “any space force” or for
any service  tha t  c la ims as  i t s  miss ion the  defense  of  the
United States  through the control  and exploi tat ion of  their
respective realms. If ,  in fact ,  access to space is about to be-
come much less difficult ,  then i t  behooves mili tary thinkers
and doctrine writers to determine what the deficiencies in
the i r  doc t r ines  a re  before  the  fundamenta l  assumpt ions  un-
derp inning  them are  inva l ida ted  (or  a t  l eas t  to  th ink  fa r
enough ahead not  to  be bl indsided when i t  does happen) .

That  said,  the next  sect ion builds on the technological  pos -
sibil i t ies previously discussed to determine what doctrinal de-
ficiencies a possible “space operability revolution” will reveal
in  US joint  space doctr ine,  and what  new doctr ines  might  be
required in a proliferated space access world. Before proceed-
ing,  however,  i t  is  necessary to challenge some shibboleths
about  the mil i tary uses of  space.

Polit ical  Sensit ivity of  the “Militarization” of  Space

The Outer Space Treaty of 1967  prohibits several specific
act ivi t ies  in  space.  I t  prevents  s ignator ies  f rom sta t ioning
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weapons of  mass  destruct ion anywhere in  space and forbids
the construction of mili tary bases on the moon. Article II  says
that  “Outer  space  is  not  subject  to  nat ional  appropr ia t ion by
claim of sovereignty” and Article V says that the Moon and
other celestial bodies shall be used exclusively for peaceful
purposes.  There are no prohibit ions,  however,  against  recon -
naissance,  surveil lance,  mil i tary communication,  navigation,
o r  o the r  uses  tha t  suppor t  t e r res t r i a l  mi l i t a ry  opera t ions .
These uses,  whose value to the United States and i ts  Coali t ion
par tners  was demonstra ted in  the  Pers ian Gulf  War,  create
tension between the “no nat ional  appropriat ion” rule  and real-
i ty .  The war  demonstrated that  there  are  orbi ts  and force
s t ruc ture  in  space  tha t  the  Uni ted  S ta tes  must  be able to
control and protect in time of war to fight successfully. This is
the origin of the “decisive orbits” idea in the 1992 draft joint
space doctr ine as  well  as  the s tatement  that  force may have to
be used in order  to secure them. On the face of  i t ,  this  s tate -
ment is a violation of the spirit ,  if  not the letter of the Outer
Space Treaty,  but  the president’s  National  Securi ty Strategy
echoes this  sentiment when i t  speaks of  “freedom of access”
(similar  language with respect  to freedom of the sea has been
the basis for a good part  of the development of the US Navy).

The very existence of the “space control” mission,  in joint  as
well  as Air Force doctrine,  is  an acknowledgment that  the
United States  has  equi t ies  in  space that  i t  cannot  afford to
lose in t ime of conflict ,  the Outer Space Treaty notwithstand-
ing.  As a  resul t  of  the new higher  s takes in  space,  i t  has  been
suggested that  mil i tary  space operat ions  could see  the  same
progression from observat ion and s ignal ing to pursui t  and
bombardment that  aviat ion made during the course of  World
War I.9 6 Since early airplanes were relatively inexpensive, the
armed forces could afford to experiment with various types
and to determine their  capabi l i t ies  under  combat  condit ions.  A
few aircraft  losses while trying to work out the details did not
threaten the  a i r  program as  the  loss  of  Challenger threatened
the space program. Another  analogy may also be useful ,  that
of the development of submarine warfare before World War II.
Submarine warfare ,  af ter  the pol i t ical  and moral  opprobrium
aimed a t  the  Germans  for  s inking t roop ships  and merchant
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men in World War I, could not be politically justified based on
the Corbett ian idea of  the commerce raider . 9 7 Nevertheless,  the
Navy was able to buy submarines and field them in a world
where new technology and doctr ine had to  be developed in a
hostile polit ical climate to set the stage for American success
in World War II .  In fact,  the submarine’s threat to the battle -
ship Navy led to i ts  misapplicat ion in war games and to the
promotion of conservative skippers who had to be replaced by
a  more  aggress ive  breed  in  1941.  One  submar ine  capta in  put
i t  this  way,  “The minds of  the men in control  were not  at tuned
to the changes being wrought by advancing technology. Ma -
h a n ’s  near ly  myst ica l  pronouncements  had taken the  place  of
real i ty for  men who truly did not  understand but  were com -
fortable in not  understanding.”9 8

This example shows that  i t  is  possible for the US armed
forces to field new technologies that give them the edge in
future wars without clear positive national policy goals (and
even in the face of some political and senior military resis -
tance). As we have seen, the NSS already reflects American
nat ional  interests  more than i t  does the spir i t  of  the Outer
Space Treaty. If and when RLVs begin to fly, policy makers
can reasonably  be  expected  to  use  them to  fur ther  the  na-
t ional  interests  of  the United States ,  as  they did with the
submarine in  the  1940s,  and as  any nat ion wil l  i f  and when i t
bu i lds  i t s  own space  sh ips .

Traditional Military Missions  in  Space

Some of the possibili t ies for reaping the economic rewards
of increased operabil i ty in space have already been discussed.
Using some of these economically useful capabili t ies,  this sec-
tion will explore some possibilities that space operability offers
for national security.

Current joint  and air  doctrine divides mili tary operations in
space along the same l ines  as  current  US armed forces  doc -
tr ine.  These four  broad funct ions are  force enhancement ,  force
appl icat ion,  space control ,  and space support . 9 9 Today’s doc -
tr ine l ists  activit ies such as communications,  navigation,  in -
tel l igence and surveil lance,  environmental  monitoring,  map-
ping,  char t ing,  and warning process ing and disseminat ion as
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part of force enhancement.  Within force application are ballis -
t ic  missi le  defense,  aerospace defense,  and power project ion.
In space control ,  protect ion,  negat ion,  and survei l lance of
space are l is ted.  Space support  consists  of  launch,  satel l i te
control,  and logistics.

As with much of terrestrial US armed forces doctrine, this
speaks very much to the nuts and bolts of how military power is
used in warfare, but does not say a great deal about what it  is
used for. It also is deficient in describing uses for military power
outside of the context of a shooting war. There is usually a
diagram at the beginning of US doctrine manuals that outlines
the tie between the National Security Strategy of the United
States, the national military strategy (NMS), and the doctrine in
question, but the logic flow between the boxes or circles in the
diagram is not clearly spelled out.1 0 0 For example, when the
same four pillars of the National Military Strategy of the United
States (deterrence, forward presence, crisis response, and recon -
stitution) can support both former President George Bush’s NSS
and President William “Bill” Clinton’s new National Security
Strategy of Engagement and Enlargement without significant
change, it is reasonable to suspect that there is little real deter -
ministic relationship between the NMS and the grand strategy it
is supposed to support. The military has simply divided warfare
into four parts and tied it to the NSS at only the most superficial
level. What is the logical tie, for example, between President
Clinton’s new national objective of “promoting democracy” and
the combat-oriented strategy of “deterrence, forward presence,
crisis response, and reconstitution?”1 0 1 As a result ,  when the
president wants to use military forces to achieve precise political
effects that don’t involve combat, the armed forces are often
reluctant, pressing instead for either overwhelming force or non -
involvement.  Unfortunately for the Department of Defense,
achieving precise political effects (not involving combat) is what
the armed forces are called upon to do much of the time. In the
first 45 years of the US Air Force’s existence, for example, it was
called upon for “air movements of national influence” hundreds
of times, as opposed to only a few combat operations.1 0 2 Ameri-
can military forces are often used in situations where “force” and
“control” (as in force enhancement , force appl icat ion,  and space
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control) are  not  acceptable .  Humani tar ian  opera t ions  and op-
erations other than war are good examples of this language’s
failure to describe the full  range of possible military operations
in support of national policy objectives.

Joint  doctr ine’s  inadequate t reatment  of  these subtlet ies  in
terrestr ia l  operat ions is  a  handicap,  but  not  a  fatal  one,  be-
cause policy makers can conceive of and implement uses of
the terrestr ial  mil i tary for  noncombat policy purposes without
the help of  mil i tary doctr ine.  The blockade of  Cuba during the
1962 missi le  crisis  is  a  good example.  Even though tradit ional
US Navy blockade procedures were not followed (sometimes
over the vociferous objections of flag officers), the blockade
was  conducted  as  the  pres ident  wanted  i t ,  not  in  accordance
with traditional naval practice.  Similarly,  in 1993, President
Clinton directed a reluctant US Air Force to begin night food-
pallet drops to Bosnian civilians to directly achieve specific
national policy objectives. If this sort of operation, which often
characterizes the exercise of US power in both the cold war
and post-cold-war periods,  continues to be prevalent ,  then
space doctrine as well  as terrestrial  doctrine should reflect
this reality.

However,  doctrine’s inadequate treatment of this type of op-
erat ion in space may be a  more ser ious handicap in the com -
ing RLV era.  This is because decision makers will  f ind it  much
more difficult to conceive of the possibilities for using newly
operable space power to implement their policies.  Missions
such as enforcement of today’s ongoing terrestrial  sanction
regimes or air  exclusion zones, blockade of other groups’ ac-
cess to space,  reposit ioning space forces over a target state or
group’s terr i tory as a demonstrat ion or  to provide presence
over a given region or in a specific “decisive orbit,” or providing
rapid humanitar ian rel ief  using the suborbi tal  l i f t  technique
discussed previously could be extraordinarily useful polit i-
cally,  but they are l ikely to be outside of the cognitive schema
of most military leaders, let alone civilian policy makers. 1 0 3

New Space Miss ions  in the RLV Era

The RLV space ship’s characteristics would make it  not only
possible, but affordable and politically feasible to use military
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space forces to “move national  influence” in the same way that
air  and sea power do today.  In other  words,  operable space
forces could part icipate in mil i tary missions that  direct ly sup-
port the achievement of national policy goals not necessarily
in  d i rec t  suppor t  of  a  combatant  commander  on ear th  in  ways
that today’s few and fragile space forces cannot.1 0 4 Some of  the
contributions of the space operabili ty revolution that would
enable such participation would be t imely logistic resupply,
rapid  maneuverabi l i ty ,  and on-scene human judgment .  Al l
three are  to  be discussed here ,  wi th  no par t icular  s ignif icance
to the order  in  which they are  presented.  Relat ionships  be-
tween the three will  become evident in the discussion.  As each
is  discussed,  t rade-offs  with current  terrest r ia l  methods,  some
possible s trategic circumstances under which these capabil i -
t ies  might  be useful ,  and some tact ics ,  techniques,  and proce-
dures  for  us ing  them are  a l so  addressed .

Logist ics .  There have been a  number  of  US Air  Force and
NASA studies of refueling and refurbishment of on-orbit force
s t ruc tu re .1 0 5 Many of these studies were predicated,  however,
on expensive and unresponsive expendable launch vehicles to
bring refueling and servicing payloads up to target satelli tes
from ear th .  As a  resul t ,  these  s tudies  never  progressed past
the paper  s tage.  With reusable  space ships ,  however ,  the cal-
culus changes.  As previously discussed,  RLVs make i t  eco -
nomical  to replace and retr ieve the current  generat ion of  satel-
l i tes.  I t  also becomes possible to refurbish satel l i tes that  are
designed for on-orbit  servicing, thus avoiding the cost of new
sate l l i te  des ign and construct ion.  Reconnaissance and warn -
ing satel l i tes  could have their  sensor packages upgraded with
the latest  technology using l ine replaceable units ( l ike those
the Air Force’s Phillips Laboratory is developing today), rather
than becoming obsolete.  In today’s context,  with RLVs and
modular satel l i te  design,  the debate over the Defense Support
Program (DSP) follow-on would have a simpler answer. Rather
than  asking  Congress  for  a  new program s tar t  ( such  as  the
canceled Follow-on Early Warning Satellite or the controver -
sial  DSP II proposal),  the United States could replenish sta -
t ion-keeping fuel ,  replace  sensors ,  and upgrade the  communi-
c a t i o n s  a n d  d a t a - p r o c e s s i n g  e q u i p m e n t  a b o a r d  e x i s t i n g
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spacecraft . 1 0 6  No longer,  for instance, would this nation’s re-
connaissance and survei l lance architecture require tens of  bi l -
l ions of dollars invested in lump sums to wholly replace on-or -
bit  capabili ty.  Rather,  individual spacecraft  could be updated
or  replaced  wi thout  en t i re  cons te l la t ion  replacement .  The
mean miss ion  dura t ion  ( l i fe t ime)  of  these  na t iona l  asse t s
would be significantly extended at  a great  savings.

Such logis t ic  resupply  (especially of oxidizers for propel-
l an t )  cou ld  ac tua l ly  be  eas ies t  us ing  a  base  on  the  moon .
The 9,000 feet  per second (fps) change in velocity (_v ) re-
qu i red  to  escape  the  moon’s  g rav i ty  i s  a  lo t  cheaper  than  the
31 ,000  fps  requ i red  to  ge t  to  LEO f rom ear th ,  even  assuming
a  1 2 , 0 0 0  f p s  _v  to  ge t  back  to  the  moon.  For  GEO and  h igh
ear th  orbi t  (HEO),  the  advantages  are  even grea ter .  In  fac t ,
the  energy  requi red  to  b r ing  mater ia l s  f rom the  moon to
HEO i s  l e s s  than  a  twen t i e th  o f  tha t  needed  to  l i f t  an  equa l
mass  f rom ea r th  t o  such  an  o rb i t . 1 0 7  S ince  oxygen  i s  abou t
40 percent  by weight  in  lunar  soi l ,  i t  would be fa i r ly  s imple
to  ex t rac t .  In  fac t ,  some have  ca l led  the  moon a  “ tank  fa rm”
in  space . 1 0 8 Al though  hydrogen  i s  in  low concen t ra t ion  a t  the
Apollo landing s i tes ,  i ts  relat ively higher  concentrat ion in
f i ne -g ra ined  l una r  so i l s  may  a l l ow  fo r  i t s  ex t r ac t i on  a s
well.1 0 9 Just  as  building RLVs would save bi l l ions of  dollars
every  year  in  con t inu ing  l aunch  cos t s ,  bu i ld ing  an  au to-
mated  lunar  ex t rac t ion  fac i l i ty  and  geos ta t ionary  sa te l l i te
resupp ly  base  would  save  a  s ign i f i can t  amount  in  p rope l l an t
cos t s  over  t ime .  S ince  i t  t akes  1 /20 th  as  much  fue l  to  ge t  to
HEO f rom the  moon than  i t  does  to  ge t  to  HEO f rom ear th ,
w e  w o u l d  b u r n  6 , 4 2 9  p o u n d s  o f  h y d r o g e n  a n d  3 8 , 5 7 1
p o u n d s  o f  o x y g e n  ( $ 1 8 , 0 0 0  i n  f u e l  a t  c u r r e n t  p r i c e s  o f
$ 0 . 0 5 / p o u n d  f o r  o x y g e n  a n d  $ 2 . 5 0 / p o u n d  f o r  h y d r o g e n )  t o
ge t  t o  HEO f rom the  moon  (wi th  t he  no t iona l  100 ,000-
pound dry weight ,  0 .90 PMF vehicle) . 1 1 0 Th i s  saves  122 ,142
pounds  o f  hydrogen  and  732 ,858  pounds  o f  oxygen  com -
pa red  to  l aunch  f rom ea r th  (wi th  900 ,000  pounds  o f  fue l  a t
a  6 :1  oxygen/hydrogen  ra t io ,  which  would  cos t  $360 ,000) .
That  i s  a  to ta l  fue l  cos t  sav ings  of  $342 ,000  per  miss ion
(which becomes s ignif icant  i f  per  miss ion cost  i s  as  low as
$1  mi l l ion) ,  wi th  the  added  benef i t  tha t  such  a  log is t ic  base
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would  be  even  more  u se fu l  t o  t he  numerous  commerc i a l  and
civi l  sa te l l i te  operators  than to  the  mil i tary . 1 1 1 The  downs ide
is ,  of  course,  the  infras t ructure  inves tment  in  bui ld ing such a
facil i ty.  In addition,  there is  the cost  of semipermanent sta -
tioning of RLVs on the moon that would not be available for
earth-to-orbit  launch services.  The savings and profi ts  from
such an enterpr ise  would have to  be t remendous to  just i fy
such  an  inves tment .

If ,  however,  there are hundreds of US fl ights per year leav-
ing earth to refuel  and refurbish high-al t i tude satel l i tes ,  then
the United States ,  as  the  only space power capable  of  such a
project  in  the near  term, could improve i ts  balance of  pay-
ments by sel l ing propellant  resupply and on- orbi t  repair  serv-
ices  to  the res t  of  the world a t  premium prices .  The cont inuing
high cost of lifting fuel out of earth’s deep gravity field (some-
times described as a “gravity well”) could convince RLV opera -
tors  to  make the investment  in  a  lunar  base to  lower their
operating costs, just as NASA is investing in the RLV itself to
lower large and cont inuing operat ing costs .  Such a  base,  es -
sent ia l ly  c ivi l ian  in  nature ,  would a lso  provide enormous
treaty-compliant  s trategic advantages. 1 1 2

Rapid Maneuverability .  Although spacecraft  governed by
the laws of orbital  mechanics move at five miles per second
with respect  to the surface of  the earth,  they are not  very
maneuverable from orbit  to orbit .  ELV-era space operabili ty
does not allow the United States to posit ion i ts  space forces
where  i t  wants  them when i t  wants  them there .  At  present ,
wi th  a  l imi ted  and unreplenishable  amount  of  maneuver ing
fuel in orbiting satellites, it  is not a trivial matter to reposition
them to inf luence or  even monitor  events  on ear th.  Although
the details  of defense satel l i te  fuel-states are not releasable,
the laws of  physics  suggest  that  the unexpected movement  of
today’s unrefuelable DSP missile warning satellites to cover
the Arabian Gulf  during the 1991 war  undoubtedly reduced
their on-orbit lifetime and reduced the US’s flexibility in re-
sponding to future emergencies. If  RLVs gave us the ability to
refuel  sensors  such as  DSP and other  satel l i tes  (as  discussed
in the preceding section),  they could be repositioned to cover
any area of interest  without posing the danger of  future sta -
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t ion keeping fuel shortfalls.  Later,  smaller,  less capable,  but
less  expensive and more numerous sensors  could be deployed
in orbit  in response to a crisis .  With the RLV and a supply of
such sensors  ready to  be  launched on shor t  not ice ,  th is  could
be  done  i n  a  ma t t e r  o f  hou r s  r a the r  t han  t he  mon ths  t ha t  a r e
current ly  required for  a  launch campaign.

Today’s maneuverability shortfal l  a lso l imits  thinking about
nondestructive inspection of unknown satell i tes.  Instead,  we
inspect  sa te l l i tes  that  we want  to  know more about  by taking
pictures of them from the ground, which is  hundreds of ki lo -
meters  away and blanketed by the dis tort ing interference of
the earth’s atmosphere. After the space operabili ty revolution,
reusable space ships or  satel l i tes  resupplied by them could
close  the  minimum dis tance permit ted by internat ional  t reaty
in peacet ime and inspect  unident i f ied satel l i tes  and their  pay-
loads  (by opt ical ,  radar ,  and other  means)  up c lose  without
the distortion of the atmosphere.  In a period of escalation
short  of a shooting war,  RLV space ships would intercept
unidentified traffic and inspect it  for hostile capabilities or
intent .  If  no such capabil i t ies are found,  the satel l i te  could be
released to go on its way. If hostility is suspected or con -
firmed, or in accordance with policy-driven rules of engage -
ment, the RLV would have a wide range of options. It  could
capture the offending satellite,  jam it ,  or disable it  (preferably
us ing  nondes t ruc t ive  means  tha t  would  enable  the  use  of  the
disabled satellite for leverage in negotiations, which would
have the  added advantage of  not  worsening the  space debr is
problem).  Contrast  this  with today’s space doctrine.  The neu -
tralization of hosti le space forces by nonlethal  technical  meth -
ods is  currently the only method of space control  short  of
destruction.  The United States is  l imited to these techniques
(such as ecl ipsing adversary solar  panels  or  jamming uplinks) ,
however,  because rendezvous with,  and capture of,  hosti le
satel l i tes  is  considered a rare,  expensive,  and r isky operat ion.
This will  not be the case after the operability revolution, when
rendezvous  and capture  are  prac t iced  on a  rout ine  bas is  in
the course of repairing and retrieving friendly satell i tes.  There
are also fewer s imple countermeasures  to  physical  capture.
Jamming or iginat ing from the ear th  can be overr idden and
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satell i tes can maneuver on battery power to escape an art if i -
cial “eclipse.” It will,  on the other hand, be much more difficult
for  an adversary to avoid capture by a grappling arm guided
by human intel l igence in real  t ime.  In addit ion,  a  captured
asset  can be used to coerce or  deter  some space-faring adver -
sary from a hostile course of action. Leaving the satelli te on-
orbit,  as done with today’s disabling schemes, however, gives
the adversary t ime to devise a  technical  countermeasure to
the  d isab l ing  technique .  Capture  puts  an  end  to  such  hopes .

The maneuverability of RLV space  sh ips  would  a l so  make
them useful  for  missions that  are  more accurately described
as denial  than destruct ion.  They could mine decisive orbi ts  (as
could ELVs),  but they could also conduct mine-clearing opera -
t ions,  soft  landing the cleared mines for  s torage back on earth,
something an ELV could not.  These mine fields could be laid
in a crisis and cleared afterward, giving new flexibility to na-
tional policy makers.  RLVs would also be able to respond to
crisis situations with all  of these capabili t ies more quickly
than the ELV due to  launch preparat ion t imes that  are  fore-
cas t  to  be  months  shor te r . 1 1 3

The increased mobility provided by the RLV would enable the
United States to move its forces to decisive orbits in space or
over any trouble spot on earth more quickly (typically 31,000
feet per second with reference to the earth’s surface) than any
form of terrestrial military power.1 1 4 Threatened uses of force or
nonlethal inspection of enemy forces (space or terrestrial) could
work to achieve policy objectives without firing a shot.

As the president’s National Security Strategy of Engagement
and Enlargement  puts i t ,  “al l  nations are immediately accessi-
ble from space.”115  It  follows that when space itself becomes
immediately accessible  to the United States ,  then the United
States  wil l  have immediate  access to al l  other  nat ions.  This
access  can mean the  abi l i ty  to  observe ,  or  i t  can  mean the
ability to influence. The movement of space forces to threaten
on-orbi t  force s tructure have been discussed,  but  RLV space
ships would also allow the United States to deliver destructive
or  nonle tha l  power  to  any  poin t  on  ear th  less  than  an  hour
af te r  l aunch .
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Although many of the missions made possible by the RLV’s
maneuverabil i ty discussed to  th is  point  are  not  captured in
present  space doctr ine,  the idea of  force applicat ion from
space is .  Although the perception exists that  force application
from space is prevented by international treaty or US policy, it
is  not .  Joint  Pub 3-14 puts i t  this  way,  “international  law .  .  .
al lows the development,  test ing,  and deployment of force ap-
plication capabili t ies that involve nonnuclear,  nonantiballist ic
(ABM) weapon systems (i.e. ,  space-to-ground kinetic energy
weapons).”1 1 6 Because i t  has been diff icul t  to  access  space,
however,  i t  has been difficult  to develop any such concept
beyond the  idea  s tage .  Concepts  such as  Sandia  Nat ional
Laboratory’s Winged Reentry Vehicle Experiment, a ballisti-
cally delivered, nonnuclear,  long range, precision-guided ki-
netic energy penetrator f lew three t imes on the front end of
ICBMs before it  ran out of funds.1 1 7 Many other  s tudies  never
got  pas t  the  paper  s tage .  S tudies  wi th  acronyms such  as  da ta
analysis control (DAC), program management plan (PMP), in -
dependent  cost  est imate (ICE),  BRIM, and GPRC spent  hun-
dreds  of  thousands  of  dol lars  and produced s tacks  of  repor ts
without  real ly demonstrat ing any technology. 118 With reusable
space ships  and rout ine  access  to  space,  however ,  research
payloads can be flown on operational missions without wait -
ing for  rare ICBM test  launch opportunit ies .  Separat ion tests
would be scheduled similar to current scheduling for US Air
Force Seek Eagle weapons carriage and separat ion tests  for  air
brea thers .

The RLV could also del iver  nonlethal  payloads s u c h  a s
ground-based sensors,  radio and television transmissions,  and
humanitarian relief supplies (via suborbital lift into secure areas
or via shielded reentry containers in denied areas) to places that
may not be accessible even to airpower (due to threat, distance,
or overflight restrictions). If fuel costs for an orbital mission are
$360,000 and overall launch costs can fall to $1 million, then
suborbital missions requiring less _v and therefore less fuel
should cost even less. These missions could be cost competitive
with military aircraft. A 1991 Air Force regulation says that in
FY92, the DOD would have had to charge NASA $403,132 for a
28-hour, 450-knot average speed, 12,500 nautical miles, non -
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stop C-5 mission.119  In the RLV era, if NASA has priority cargo
to transport to its few remaining overseas tracking stations, it
might  be smarter  to pay  the  same  or  s imi la r  cos t s  and  cu t  the
t r ip  t ime  by  27  1 /2  hours .

Such a capabil i ty would al low the United States to protect
i ts  interests ,  on earth or  in orbi t ,  a t  t imes and places of  i ts
choosing,  without  having to consider  the r isk of  loss  to enemy
action.  States or  other groups with nascent  ball is t ic  missi le  or
space programs will soon have primitive ASAT capability in
the form of  sounding rockets  carrying kinet ic  energy submuni-
t ions (as  s imple as  s ixpenny i ron nai ls)  launched in  the path
of an oncoming satelli te in a predictable orbit . 1 2 0 These ASATs,
a threat to any satelli te in a predictable LEO, are of l imited
ut i l i ty  against  an RLV space ship launched on a  suborbi ta l  or
fractional orbital trajectory. There is very little possibility that
nonspace-far ing nat ions or  groups could detect  launches from
US sovereign terri tory.  At present,  only the United States has
a publicly disclosed missile warning satel l i te,  al though the
Russians have reconnaissance satel l i tes  and are l ikely to have
missile warning satellites left over from the cold war as well. If
these  na t ions  de tec t  launchers ,  they  do  not  have  the  da ta-
process ing infras t ructure  to  predic t  and disseminate  suborbi-
ta l  t ra jector ies  and impact  points  to  space weapon defense
forces .  While  making a  case for  an independent  European
satel l i te  reconnaissance capabil i ty in the wake of the Gulf
War, former French foreign minister Pierre Joxe acknowledged
the “supremacy of  the US space survei l lance machine with i ts
range of  missi le  early warning,  ocean surveil lance,  photo -
graphic  and radar  reconnaissance,  e lec t ronics  eavesdropping
and weather  satel l i tes  .  .  .  with i ts  massive support ing proc -
ess ing  and  communica t ions  cha in .”121  France’s and Britain’s
$1 bil l ion investment in mili tary spacecraft  could not  match
the $200 bi l l ion US mil i tary space machine during the war,
and i t  i s  not  l ikely that  many other  nat ions on ear th  could do
so in the foreseeable future. 1 2 2

That  sa id ,  i t  does  not  take a  lo t  of  money to  buy s ixpenny
nails. Low technology ASATs would, however, be difficult to
use against an RLV changing its orbit  from revolution to revo -
lut ion.  Even the United States would have a great  deal  of
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difficulty engaging hypersonic maneuvering reentry vehicles
(which would be very similar to the strategic defense problem).

On-Scene Human Judgment .  The “difficult access” para -
digm has also worked to  keep space doctr ine notably free from
references to the idea of mili tary personnel in space.  Even
White House policy makers recognize the Department of De-
fense’s aversion to the idea of manned space flight. Richard
Dalbel lo ,  ass is tant  for  aeronaut ics  and space  in  Pres ident
Clinton’s Office of Science and Technology Policy says, “policy
recognizes  tha t  DOD has  l i t t l e  cur ren t  in te res t  in  human
spaceflight.”1 2 3 This  could be related to  the fact  that  there  is  a
“manned mili tary space expectations gap” that  goes along with
the overall  launch expectations gap. This part  of the expecta -
t ions  gap is  a lso  a  resul t  of  dashed hopes  and unsat is factory
real i ty .  The dashed hopes  can be  t raced to  events  such as
Pres iden t  R icha rd  Nixon’ s  cance l l a t ion  o f  t he  Ai r  Fo rce
Manned Orbiting Laboratory, the shutdown of the Air Force’s
space shutt le  launch facil i ty at  Vandenberg AFB, in 1986 after
the  Challenger acc ident ,  and ,  in  bo th  cases ,  the  subsequent
d i s b a n d i n g  o f  m i l i t a r y  a s t r o n a u t  g r o u p s  w h o  h a d  b e e n
screened  and  se lec ted  th rough  an  a rduous  board  process .124

The disi l lusionment (or ,  at  least ,  the skepticism) concerning
the role of mili tary man in space is  evident from the deafening
silence on the subject in Air Force doctrine,  in joint doctrine,
and in  even the  most  forward- leaning research papers  and
projects such as the US Air Force’s recently completed Space -
cas t  2020  s tudy.  This  has  led  to  an  a lmost  universa l  assump-
t ion in  the  US space community  that  most  DOD space mis -
s ions  can  be  per formed by  robots ;  some contend  tha t  any
requirement  for  human judgment in space can be fulf i l led
today by unmanned systems and tomorrow by te lepresence or
virtual reality.

There may nevertheless be a case for mili tary personnel in
space.  The experience of land,  sea,  and air  warfare seems to
indica te  tha t  the  judgment  and in i t ia t ive  of  the  human being
on the scene is  cr i t ical  to  success  in  bat t le  against  a  react ing
enemy. I t  is  not  obvious that  this  pattern wil l  be repeated in
the  new space  medium,  but  h is tory  sugges ts  tha t  the  presence
of mil i tary personnel  could help with the continuous tact ical
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improvement  and adapta t ion that  has  t radi t ional ly  made for
victory in war. As John Collins of the Congressional Research
Service says in Military Space Forces: The Next 50 Years, “sizable
manned contingents probably should deploy in space,  because
commanders and staff far removed from crises seldom can as -
sess the si tuation and take appropriate act ions as well  as on-
the-spot counterparts.”125  Commanders and staff  on the ground
may also have their links with RLV ships disrupted or jammed,
while it  is much more costly for the enemy to break the man-
machine link in a piloted vehicle. There are also complexities in
military operations that may not lend themselves well to remote
control. As with the submarine, a complex vehicle with multiple
missions in a challenging and dynamic physical environment
with a reacting enemy, it is very difficult to imagine a remote
crew of operators coordinating rendezvous, grappling, defensive
countermeasures,  damage reporting and control,  and all  of the
subtasks implicit in those operations simultaneously, whether
under the sea or in space.

To adapt  to  such rapidly  changing s i tuat ions ,  mil i tary  man
on ear th  has  had to  have repeatable  and regular  famil iar i ty
with the medium in which combat operat ions take place.  This
repeatable and regular  famil iar i ty  with the medium is  what
the RLV operability revolution will provide that is now missing
from current  space doctrine.  Without personal  experience with
the  medium,  i t  i s  arguable  whether  sound doctr ine  can be
devised for operating there. It  is difficult  to imagine that the
Navy could have gained enough experience in subsurface war -
fare before World War II to enable it to sink over five million
tons of enemy shipping in the Pacific if  all  subsurface opera -
t ions before the war had been conducted by remotely control-
led  undersea  robots .1 2 6

I t  can  be  argued tha t  the  same resul t s  would  have  been
obtained with submarines control led from shore via twenty-
first century telepresence or virtual reality. The complexity of
submarine  combat  suggests  o therwise .  Damage control  and
loading torpedoes  in  combat  s i tuat ions  would have to  be done
by onboard robots.  Torpedo misfires would also have to be
cleared by such robots.  Software would have to be writ ten to
fuse  sonar  inpu ts  and  onboard  ambien t  no i se  so  tha t  the
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te leoperator  could monitor  both for  damage cues and s i tuat ion
awareness.  I t  seems that  the added level  of  complexity re-
quired for a teleoperated combat submarine would be signifi -
cant  and might  outweigh the  advantages  of  removing man
from the scene. In any case, the pre-World War II US Navy
overcame the inherent  host i l i ty  of  the undersea environment
and a  c lear  lack of  pol i t ical  enthusiasm for  undersea warfare
and  pu t  men  to  sea  on  submar ines . 1 2 7 A similar  case may be
made for  the manned combat  RLV in space.

Pol icy  makers ,  too ,  may  a l so  be  re luc tan t  to  t rus t  un-
manned or  te leoperated warships even though the te leoper -
ated RLV  would  be  l ike  any weapon on ear th ,  a  machine
execut ing a  decis ion made by man jus t  as  a  f i rearm does
when a soldier pulls the trigger.  There should, therefore,  be
the same amount  of  t rust  in  the  te leoperated RLV as  in  the
soldier’s rifle. The difference is, however, that when the sol-
dier’s rifle misfires, he is on the scene to unjam it or fix the
bayonet.  In the event of onboard failure,  l ink jamming, or
bat t le  damage,  the unmanned or  te leoperated RLV would have
no t ra ined  so ld ier  on  the  scene  to  make  sure  tha t  h igh-s takes
polit ical missions are carried out successfully.

In addit ion to the arguments  out l ined above,  there is  also a
simple physical  argument against  remote or  vir tual  real i ty
(VR) piloting of space vehicles in wartime or crisis situations:
the speed-of-l ight  delay inherent  in the long slant  ranges that
would be involved.  I t  would take an earth-based operator  at  a
console or  in a  VR environment,  0.25 seconds to send a com -
mand to a  refueled RLV intercepting a maneuvering adversary
satelli te in geostationary orbit  and perceive that the vehicle
was responding (22,300-mile orbit ,  186,000 miles-per-second
speed of signal,  two-way trip).  This assumes that the vehicle is
direct ly overhead the operator .  If  the space ship is  inspecting
a sa te l l i te  in  geosta t ionary orbi t  on the  other  s ide  of  the
planet, the signal is likely to be relayed via two or more geo -
stat ionary satel l i tes.  The round tr ip in this  case is  over 1.00
light seconds and begins to be problematic even for coopera -
tive targets.  Speed-of-light delay is acceptable when sending
ins t ruc t ions  to  unmanned  deep-space  probes ,  bu t ,  jus t  as  in
air- to-air  refuel ing at  0 .70 Mach,  rendezvous would be much
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more difficult  and dangerous with a one-second fl ight control
de lay  as  would  maneuvers  in  c lose  p rox imi ty  to  ano the r
spacecraft  at  Mach 25.  This would be especially true if  the
target spacecraft  were i tself  maneuvering.

Automation, VR, and telepresence would  reduce vehicle cost
and complexity since there would be no need for l ife support
and a reduced need for vehicle reliabili ty.  There would, there-
fore,  be mil i tary missions that  machines or  te lepresence can
perform perfectly well (e.g.,  routine reconnaissance, space sta -
t ion resupply,  satel l i te  deployment) .  The Russians have been
resupplying their  manned and poli t ically valuable Mir space
stat ion for  years  via  automated docking with the unmanned
Progress resupply rocket .128 But  in  general ,  high-stakes mis -
sions in which failure would be polit ically disastrous,  espe-
cially in an international crisis ,  argue for man’s presence,
even if  this increases the risk to RLV crews.

Although the weight and complexity of the generic RLV
might  be  reduced through te leoperat ion,  the  necess i ty  for
combat  vehicles to operate in degraded modes,  the onboard
maintenance  of ten  requi red  in  dynamic  s i tua t ions ,  and  the
coordination required for multiple missions would seem to
argue for the restr ict ion of teleoperation and automation to
relatively benign environments.  Man should not be excluded
from space simply because he requires added vehicle complex -
ity in the form of l ife support.  What he brings to the game in
terms of  degraded operat ions ,  jam res is tance,  and damage
control may be worth the extra weight.  This,  however, is not
the approach of today’s US space policy and doctrine. People
s i t t ing a t  consoles  on ear th  sending inputs  to  robots  in  space
are the US armed forces’ space officers,  who are the experts
qualified to write space doctrine. It  may be useful to remember
how unsophis t ica ted  ear ly  a i r  doct r ine ,  created  by people
without much flying experience,  seems today. 1 2 9 Space doc -
t r ine  deve loped  in  ins t i tu t ions  tha t  a s sume away  rou t ine
manned opera t ions  in  space  may not  s tand  the  tes t  of  t ime
much be t te r .

The preceding discussion of  potential  missions and argu -
ments  for  and against  manned RLVs highl ights  in teres t ing
paral lels  with undersea warfare.  Given long durat ion inspec-
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t ion and/or  presence miss ions  in  an extremely host i le  envi -
ronment ,  mult iperson crews performing special ized tasks,  and
the abi l i ty  to  maneuver  in  three dimensions,  the  best  model
for the fighting RLV may be the submarine.  Missions requiring
presence over adversary terri tory or near adversary space fa -
cili t ies through the course of a terrestrial  polit ical crisis,  long
inspection patrols to survey other nations’ satell i tes,  confine-
ment  in  smal l  pressur ized spaces  for  long per iods,  and spe-
cial ized crew functions appear to f i t  the submarine paradigm
more  than  any  o ther . 130  This  is  not  to  say that  there  are  not
significant analogies to air  operations as well ,  but there are
many things about  mil i tary operat ions in space,  especial ly
those that  have to do with control  of  the medium, that  seem to
be closely analogous to  submarine operat ions.

It  is  when space power acts to affect polit ical outcomes on
ear th  that  the  t ie  to  a i rpower roles  and funct ions  is  s t rongest .
If airlift  (as suggested by the “suborbital hop” idea), strategic
at tack,  in terdict ion,  and perhaps even close a i r  support  are
poss ib le  f rom space ,  then these  miss ions ,  more  than space
control  or  presence,  are  where mil i tary power from space
might have real  leverage on poli t ical  outcomes on earth.131

That said,  space operat ions wil l  require an infusion of naval  as
well  as air  “culture” and doctrine.  This will  be discussed fur-
ther in the next few sections.

Building on the Joint  Doctrine of  “Decis ive Orbits”

After the discussion of what the RLV revolution will allow
the United States  to do in space,  i t  may be useful  to  explore
the physical  nature  of  the  ear th-moon system and why cer ta in
places in i t  have mili tary advantages over others.  The doctrine
of decisive orbits  touches on this  point ,  but  the RLV space
ship could make control  of these orbits  even more decisive,
especial ly if  i t  makes them more usable.

Physical  Characteristics of  Decisive Orbits.  Before pro -
ceeding with how decisive orbits  in space should be used,
however ,  i t  i s  necessary  to  def ine  the i r  phys ica l  charac-
ter is t ics .  I t  i s  a lso  necessary to  unders tand how the physical
characterist ics of  space f i t  into air ,  land,  and sea doctrine.1 3 2
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Some space doctrine writers focus on the physical differ -
ences between operat ing in space and operat ing in the atmos -
phere  to  emphasize  the  point  that  a i r  and space  are  d is t inct
military media.1 3 3 The organization and doctrine of forces de-
signed for operating in one medium are not appropriate, these
writers believe, for the organization and doctrine of forces in the
other. These writers focus on the physical differences of astrody-
namics versus aerodynamics rather than on whether the effect
of an action in or from space is the same as actions taken in or
from the air. This could be called doctrine with a focus on
engineering, rather than doctrine focused on what one is trying
to do to the enemy. Air and space vehicles do require different
sorts of engineering, but the effect of a destructive strategic
attack from space (given good intelligence and similar accuracy)
is likely to be the same as a destructive strategic attack from the
air (allowing for the greater energy inherent in orbital energy
states). The reason for the similarity of effect is the similar na -
ture of the advantages that air and space power hold over terres -
trial forces and political entities. US Air Force doctrine says that
speed, range, and flexibility are among the characteristics of
airpower.  I t  seems that a case can be made for these as charac-
teristics of space power as well.

Both air  and space power have the advantage of elevation
(with its corollaries, superior viewing, and energy advantage)
over terrestrial  forces.  This difference between air and space
forces  on the one hand and terrestr ia l  forces  on the other
unites  air  and space power in a  very fundamental  way.  I t
means that  no matter  what  i ts  physics,  f l ight  is  s t i l l  f l ight ,  and
that  the “control  and exploitat ion of air  and space” should be
performed for very similar political purposes. If the advantages
and uses  of  the two media are  the same or  s imilar ,  i t  does not
seem to make a  lot  of  doctr inal  sense to  t ry to  separate  them.

That said,  there are physical  characterist ics of  operations in
the  space  medium tha t  make the  methods  for  ga in ing  cont ro l
of the medium very different from the “air superiority” mis -
s ion.  Fi rs t ,  there  are  cer ta in  energy-s ta tes  in  ear th  orbi t  that
are of part icular  uti l i ty in conducting space operations.  These
energy-s ta tes  are  associated with  cer ta in  orbi ts  that  have been
proven to be militarily useful.  Among these, and cited by Col-
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l ins of the Congressional Research Service as “key terrain” in
Military Space Forces: the Next 50 Years, are  geosta t ionary and
other  equator ia l  ear th  orbi ts .1 3 4 Second,  these  orbi ts  can be
controlled by occupation or other forms of denial  in ways that
have no analogues  in  a i r  operat ions .  I t  i s  necessary to  send up
several  multiship formations of air  superiority fighters in more
than one combat air  patrol (CAP) “orbit” to prevent enemy
aircraft from entering friendly airspace. It  is only necessary to
occupy an equatorial  geostationary orbit  with a single long-
duration “fighting RLV” at a given longitude to prevent anyone
else from putt ing a spacecraft  there ( just  as  with terrestr ial
power,  blocking avenues of approach by occupying key terrain
is possible in space where it  is not possible in the air).  Cir -
cumstances are  somewhat  different  for  orbi ts  that  are  not
fixed with respect to the earth’s surface, which describes vir -
tual ly al l  other Earth orbits .  For these orbits ,  mult iple space-
craft  are necessary to provide global coverage.  Third,  and re-
lated to the previous point ,  the laws of orbital  mechanics allow
spacecraft to persist in these decisive orbits with very litt le
expenditure of energy. As a result ,  spacecraft  on blockade or
blocking missions could stay on station without refueling sig-
nif icantly longer than the two to three hours characteris t ic  of
f ighter  CAPs because one can maintain an orbi t  above the
drag of the atmosphere with the expenditure of l i t t le  or  no
energy. In simple terms, the air-to-air fighter’s engine is run-
ning the whole time it  is on patrol,  the RLV’s is not.

Geostat ionary orbi ts a re  obvious ly  cr i t ica l  to  te r res t r ia l
forces because they provide stationary “relay towers” in the
sky  for  communica t ion  and  o ther  purposes ,  and  may therefore
qualify as “decisive.” There are other militarily useful orbits
that  may also qualify for  this  dist inct ion.  Among these are the
polar orbits  f lown by many reconnaissance satel l i tes.  As Col-
l ins notes,  “reconnaissance and surveil lance missions incl ined
90 degrees sooner or later loop directly over every place on
Earth.”1 3 5 That  is  why he counts  these  orbi ts  as  “key terra in”
as well ,  which leads one to believe that  they may also be
“decisive” even though it  would take many more spacecraft  to
occupy  them.
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The RLV will play in this military geography of earth orbital
space in four ways. First  and foremost,  i t  gives the United
States routine access to these orbi ts  for peaceful purposes, for
pol i t ical  s ignal ing and other  nonlethal  propaganda purposes ,
as well  as for mili tary purposes.  One of these purposes will  be
to take unimpeded advantage of one of the corollaries of space
power’s  e levat ion,  super ior  v iew.  A space-far ing power’s
awareness  of  what  is  going on on ear th  is  far  superior  to  that
of nonspace-faring nations.  A nation with routine access to
space will  multiply that  advantage with the abil i ty to access
any orbit at will.  Second, as noted above, the RLV will be able
to occupy these orbi ts  to  prevent  others  f rom using them.
Third,  i t  wil l  al low the United States to engage adversary
space forces at  t imes and places of  i ts  choosing from a posi-
t ion of energy advantage. Fourth,  i t  will  allow the United
States  to  engage adversary ground,  a i r ,  and sea forces  and
polit ical  enti t ies at  t imes and places of i ts  choosing from a
posit ion of energy advantage. As mentioned above, one of the
corollaries to the elevation of air  and space power is the en -
ergy advantage of superior altitude (what fighter pilots call
“God’s G”). This discussion naturally leads to a concept which
may be  most  useful  in  unders tanding the  impor tance  of  th is
energy advantage to space doctrine in the RLV era.

The “Gravity Well.” The earth,  with i ts relatively strong
gravitational field, “bends” space in its vicinity to create an
at t ract ion to  nearby objects .  That  a t t ract ion decreases  as  the
inverse  square  of  the  d is tance  f rom the  ear th .  What  th i s
means is  that  objects farther away from earth (“higher up” in
the gravity well)  have more gravitational potential  energy than
those below. This has obvious military implications. Collins
po in t s  th i s  ou t  when  he  says ,

Military forces at the bottom of Earth’s so-called gravity well are poorly
pos i t i oned  t o  accompl i sh  o f f ens ive /de fens ive /de t e r r en t  m i s s ions ,
because great  energy is  needed to overcome gravi ty during launch.
Forces at  the top,  on a space counterpart  of  the “high ground,” could
ini t ia te  act ion and detect ,  ident i fy ,  t rack,  in tercept ,  or  otherwise
respond more rapidly to at tacks.  Put  s imply,  i t  takes less  energy to
drop objects  down a  wel l  than to  cast  them out .  Forces  a t  the  top a lso
enjoy more maneuvering room and greater  react ion t ime.  Gravitat ional
pul l  helps ,  ra ther  than hinders ,  space- to-Earth  f l ights . 1 3 6
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The military implications of the physical facts have long been
recognized, but again, the high cost of doing anything about
them has made force application from space problematic. As
mentioned earlier, this is less a problem of policy than a lack of
a realistic and affordable way to take advantage of the leverage
that space provides. Space-to-earth kinetic energy weapons that
would achieve the same effects as air-delivered weapons do not
merit multibillion dollar investments (current Air Force concepts
of permanently orbiting space strike weapons are unmanned
and can be launched on expendables) . 1 3 7 Space strike weapons
developed incidentally to highly profitable RLV operations (that
will go on with or without those weapons) may, on the other
hand,  mer i t  the  re la t ive ly  smal l  inves tment  requi red .  An
example is Gen William “Billy” Mitchell’s development of
antiship bombing techniques in the early days of aviation. The
US Army did not set  out to take advantage of the energy
advantage of the airplane over the surface ship when it bought
its first airplane for the Signal Corps. Despite this, once aircrews
gained practical experience with the “reusable air vehicle,”
experimenting with it and finding out what it could do became
p a r t  o f  t h e  a i r m a n ’ s  c u l t u r e .  A  s i m i l a r  c o u r s e  f o r  t h e
development of the RLV is logical and desirable.

Nature of  Space Doctrine  in the RLV Era. This discussion
leads  to  a t  leas t  three  possible  conclusions  about  what  the
RLV will mean to the broad outlines of space doctrine. First,  it
may mean that  space  doct r ine  should  become more  naval ,
with emphasis  on the protection of US economic interests  in
space and protect ion of  free access to space l ines of  communi-
cat ion.  This  would tend to emphasize the control  of  the me-
dium.  Second,  i t  may mean tha t  space  doct r ine  should  be-
come more aerial ,  focusing on the earth as the seat  of  poli t ical
purpose and space as  a  place from which to  affect  those pur-
poses.  In the language of the US Air  Force,  that  would be
“exploitation” of the medium. The third possibility is that there
is  some intermediate  posi t ion between the f i rs t  and second
ideas ,  some merging of  a i r  and naval  cul ture  and doctr ine that
would be most useful for space. A comparison of the relative
merits  of al l  three options may shed some light on how doc -
tr ine wri ters  should approach space doctr ine in  the RLV era.
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1 .  Space  Doc t r ine  More  Naval.  As outl ined earl ier ,  there
are  s t rong arguments  to  support  th is  posi t ion.  The physical
characterist ics of orbital  space,  the nature of possible opera -
tions there (blockade, mining),  the abili ty to conduct long du -
ra t ion  pa t ro ls ,  and  the  enormous  na t iona l  and  commerc ia l
investment on stat ion in orbit  al l  lend themselves to naval
thinking. Satelli tes on orbit  are much like commercially valu -
able islands or oil  platforms in strategic locations at  sea.  In
addit ion,  once in space,  the RLV is far  closer to a ship than to
an airplane in terms of  the amount  of  effort  required to s tay
“afloat.” Aircraft must be continually “flown,” ships float more
or less of their own accord. Even at five miles per second, the
similar characterist ics of the space ship will  give the crew time
to devote i ts  attention to other things,  including interaction
with other vessels.  The RLV, unlike the airplane,  can rendez-
vous with other  spacecraf t  and exchange crew members or
cargo other than fuel ,  and doesn’t  have to destroy or even
disable adversary spacecraft  to control  the medium. Control  of
the sea  or  of  space does  not  necessar i ly  mean using le thal
firepower to destroy an adversary (as i t  usually does for the
airman).  I t  can also mean interposing oneself  between adver -
sary forces and the objective, occupying the objective, or non -
destructive inspection backed up with the threat  of force (as in
the Gulf  War marit ime intercept operation).  Mastering such
operat ions  would take a  t remendous amount  of  t ime,  doctr ine
development,  and training.  If  they were the priori ty missions
of a “space force” as a result  of maritime tradition or service
culture,  there might  not  be much t ime left  over for  other
impor tant  tasks  tha t  may a lso  be  done f rom space .

2 .  S p a c e  D o c t r i n e  More Aerial.  Although counterintuit ive,
i t  seems fair  to  say that  space forces become more aerial  as
they look toward the ear th .  The fundamental  e levat ion advan-
tage of both air  and space forces over terrestrial  forces is  the
underpinning of this assert ion.  Because most policy objectives
for the foreseeable future will  be aimed at  adversary terrestrial
decision makers,  s trategic operat ions (nonlethal  and lethal)
from space aimed at  the center  of  the enemy’s decision-mak-
ing appara tus  ( food drops  and propaganda broadcas ts  to  ta r -
get  national  populat ions,  high probabil i ty of  str ikes against
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leadership and nat ional- level  command and control  as  wel l  as
other targets)  are most  l ike air  operations.  At the operational
level,  space power will  be able to conduct air interdiction and
counterair  missions,  and with enough affordable force s truc-
ture in space (provided by the advent of the RLV), terrestrial
forces should be able to call  in all  of the close support  they
need to accomplish tactical  objectives.

This leads us to the important advantage of space power over
other forms of military power. This advantage is the previously
cited corollary of air and space power’s elevation : higher energy
states. The energy states  inherent  in orbital  and suborbital
spacecraft can provide an enormous amount of firepower for a
relatively small investment in the size of a given vehicle or
weapon. As Collins notes, “Offensive kinetic energy weapons
(KEW) plummeting from space to Earth at Mach 12 or more with
terrific penetration power have a marked advantage over defen -
sive Earth-to-space counterparts that accelerate slowly while
they fight to overcome gravity.”138 Space forces will look very
much like air forces to those who are at the receiving end of
their effects on earth. They will also look very much like air
forces at their terrestrial bases. They must, after all, traverse the
atmosphere in order to get into space. In this respect,  they are
much l ike air  forces ,  vulnerable  and useless  while  on the
ground. The compensating factor is their range. American mili -
tary RLV bases are likely to be far from the US coastline and
secured against terrorist attack. This is beyond the strategic
reach of most nations on earth. They will, however, (within the
limits of RLV response time and dispersability) be vulnerable to
intercontinental ,  submarine-launched,  or  space-launched hy-
personic strikes. If such an attack were launched, though, with
or without nuclear weapons, the United States would have
larger concerns than RLV survivability.

The demonstrated abi l i ty  to s tr ike any target  on earth with
precision and discrimination could,  in fact ,  be a potent  deter -
rent to or factor in conflict .  This deterrent,  unlike nuclear
weapons ,  could  be  used agains t  nonnuclear  powers  wi thout
the col lateral  damage and the negat ive moral  and pol i t ical
fal lout  of  nuclear weapons use.
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A notional  case may be useful  in developing this  argument.
Assuming RLVs in orbit  that  are able to employ 30-pound
kinetic energy weapons us ing  the  same techniques  as  ICBM
bus separat ion,  precision guidance of the type employed on
the DOD’s information network system (INS)/global position -
ing system (GPS) guided joint direct attack munition (JDAM),
and a global communications system (i .e. ,  the proposed Irid -
ium or  Teledesic  cel lular  systems),  a  US ambassador any-
where in the world would have a “flying gunship” that could
support  h im or  her  wi th  precise  and discr iminate  force  when
necessary. 1 3 9 Unmanned space- to-ear th  s t r ike  p la t forms s imi-
lar to ICBM reentry vehicle buses could be employed quickly
in t imes of crisis ,  as in the mine example discussed earl ier ,
and cleared when not  needed.  Putt ing these platforms in orbi t
should be no more difficult  than the civil  satell i te deployment
for which the RLV is being designed. This would also allow the
Uni ted  Sta tes  to  upgrade  the  p la t forms on  the  ground in  the
periods between crises,  and would reduce their  vulnerabil i ty
to ASATs,  unlike permanent s tat ions in orbit .

With such a capabili ty before the Gulf War , the American
ambassador’s  meet ing wi th  Saddam Hussein  might  have  gone
a l i t t le differently.  With platforms launched in the preceding
weeks passing overhead every few minutes (assuming l i t t le or
no cross-range for  their  weapons,  32 space ships  in  90-minute
orbits  would be in employment range every 45 minutes) ,  the
ambassador could have made a case for Iraqi  vulnerabil i ty to
US power by looking at  her watch,  making a phone call ,  and
asking Hussein  to  s tep  to  the  window to  watch a  demonstra -
t ion.  (Admittedly,  this  example may not  r ing true because of
the low probabili ty of State Department use of strategic strikes
on foreign territory.) Perhaps an example of sea control from
space may seem more poli t ical ly plausible.  Again,  assuming
little or no cross-range for the orbit-to-earth weapon, it  would
take 128 orbital  weapons employed by RLVs in a crisis  to
revisi t  a marit ime exclusion zone every 11 minutes.  United
States or al l ied naval vessels enforcing international  sanctions
could order threatening or suspicious vessels to heave-to with
the knowledge that  they were supported with precise f irepower
from space.  Hypersonic projecti les could create impressive
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warning shots  across the bows of  recalci t rant  ships.  I f  such a
si tuat ion escalates ,  s inking the ship from space is  not  only
physically possible,  but could also be much more poli t ically
palatable  than the f i rs t  scenario. 1 4 0

3 .  Space  Doc t r ine  as  a  Combina t ion  o f  Nava l  and  Ai r
Doctr ine .  The preceding discussion seems to show that  opera -
t ions for control  of the space medium are more nautical ,  while
the leverage i t  provides in accomplishing the most  important
national policy objectives is more like airpower.

Between the two emphases, i t  seems clear that in high stakes
conflict, US objectives will likely be tied to some outcome on
earth rather than in space. That said, the strategic view of the
airman, whose culture and doctrine is more consonant with
such ideas,  seems to be best suited to carry them forward into
space. If, on the other hand, humanity’s political centers of
gravity move outward into space, then control of the medium
and the lines of communication between these new political
entities will become most crucial. For the foreseeable future,
however, the United States is most concerned with what hap-
pens in the international system here on earth.  This seems to
argue fairly strongly for airmen to lead the US armed forces into
space.  These airmen must,  however,  adapt to the naval nature
of the new medium. This may mean discarding many of the
things that make airmen unique. The destructive offensive coun-
terair model as the best way to gain control of the medium may
have to be deemphasized, as may the role of the solitary pilot. If
launch and landing are automated (which is the NASA CAN
requirement) and orbital mechanics allow the vehicle to keep on
station without much intervention, there is little need for a pilot
who is continuously at the controls.141  Again, the terrestrial ana -
logue is the ship captain who is rarely in direct physical control
of the helm. He or she has more important things to do. The
ability to command a crew rather than hand-eye coordination
may become the yardstick by which space combat officers are
measured. These new ship captains must,  however,  remember
that their mission is to directly affect adversary decision making
on earth in accordance with national political objectives, not
simply to fly around in orbit. In this, they will be more akin to
airmen than to sailors.
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This  sec t ion  has  a t tempted  to  show the  changes  in  US
space doctr ine that  wil l  be the outgrowth of reduced barriers
to  space  access .  I t  has  ou t l ined  the  assumpt ions  in  cur ren t
doctr ine that  wi l l  be  shaken and drawn paral le ls  between
what the RLV will mean for civil operators and what it  will
mean for  mil i tary operators .  I t  has also t r ied to use the physi-
cal characteristics of space and the capabilit ies of the RLV to
out l ine a  rudimentary space doctr ine.  The reasoning here  is
handicapped,  however ,  by the  same problem beset t ing the
overwhelming majority of all  space doctrine. It  is written by
someone who has not  lef t  Earth.  Nevertheless ,  this  out l ine,
based on the  assumpt ion that  space  access  wi l l  soon be  rou -
tine and inexpensive, may more closely reflect the realit ies of
the RLV era than doctrines which do not.

Summary and Conclusions

After  determining that  the  Uni ted States  is  making s teady
polit ical,  economic, and technical progress toward fielding an
affordable reusable launch vehicle,  th is  s tudy has  a t tempted
to induce the economic and mil i tary implicat ions of  such a
development .  From this ,  a  few key themes and conclusions
can  be  d rawn .

1. The United States is developing an RLV that will lower
the cost  of access to space early in the twenty-first  century.

2. RLV operations will have significant economic impact on
the cost of today’s commercial space activit ies and foster the
development of  new ones.

3. The RLV will have a significant impact on joint US mili -
tary space doctrine.

4.  The RLV will  make space operations much more analo -
gous to  present-day naval  and a i r  operat ions .

5. Of the two analogues, the similarity to air  operations will
have the greatest  impact  on terrestr ia l  pol i t ical  s t ructures  in
the immediate  future .

A short  discussion of  each conclusion may help to provide
direct ion for  thinking about  these issues  as  the United States
and the world enter  the RLV era.
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The RLV is Coming

The f irs t  conclusion that  this  s tudy suggests  is  that  the RLV
is coming soon.  The president’s new Space Transportat ion
Policy ind ica tes  tha t  the  US government  i s  se r ious  abou t
building a ful ly reusable launch vehicle that  wil l  reduce the
cost  of  access to space.

The idea has growing support in Congress and in the space
policy community, if not in DOD. There is a confluence of politi-
cal, economic, and technological factors creating an environ -
ment conducive to the development of a reusable rocket ship.

Economic Impact of  the RLV

The first  order economic consequence of the advent of the
RLV wil l  be reduced cost  access to space and reduced demand
for expendable launch vehicles.  The ult imate result  of reduced
ELV production would be increased prices for ELV launches,
reducing demand and product ion even fur ther .  Eventual ly ,
prices would rise to an uneconomic level.  This could presage
the end of  the throwaway rocket  industry,  both in the United
S ta t e s  and  ab road .

There would be at  least  two other economic consequences of
low-cost access to space. The first  would be improvements in
the US’s economic competi t iveness and balance of  payments .
The second would be an even fur ther  reduct ion in  the cost  of
access to space after the amortization of the cost of the RLV.
In such a case, DOD would find resisting RLV technology
more difficult ,  especially with the concomitant reduction on
operating costs.  This would allow the US armed forces to
achieve the US’s national objectives of assured access to space
and maintenance of  i ts  mil i tary advantage there  using tech -
nologies whose cost  was recouped in the private sector.

Military Impact of the RLV

The high “sortie rate” of the RLV will rapidly fill orbital
space with billions of dollars worth of politically and economi-
cally important  manned platforms,  civi l  and commercial  re-
mote sensors ,  cel lular  communicat ions satel l i tes ,  and other
objects.  Conflicts over orbital position (which have already
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arisen over the desire of poor equatorial  nations to “own” the
geostationary orbits over their territory) will become more fre-
quent  as  the  number  of  sa te l l i tes  increases .

Space-faring nations flying RLVs will have the ability to
monitor,  threaten,  sabotage,  disable,  or  destroy the space in -
vestments  of  other  s tates  using techniques very similar  to
those used in commercial  operat ions.  If  the United States sees
the possibi l i ty of  such operat ions,  then other powers may as
well .  If  so,  the assumptions underlying US space doctr ine
(difficult access to space, no role for man in space) would
become dangerously out  of  date .

Military Space Operations More Aerial than Naval

Space operat ions even in the near-term RLV era will have
many characteris t ics  of  naval  operat ions.  Most  of  these char -
acterist ics wil l  have to do with control  of  the space medium.
Where  mi l i t a ry  space  opera t ions  in te r sec t  wi th  t e r res t r i a l
forces and polit ical  structures,  space power will  have more of
the characterist ics of  airpower.  These operations,  especial ly at
the strategic level,  will  be more decisive than the missions
with naval  analogues.

Conclusions

The energy advantage of RLV-equipped space-forces will be
their  most significant mili tary characterist ic in the context of
the present  internat ional  system. As orbi ta l  energy-states  be-
come more accessible to larger  numbers of  people and groups
for commercial reasons, they will  also become more accessible
for mili tary reasons.  That said,  a world in which any state or
poli t ical  group can buy an RLV whose cost  has been amort ized
by years  of  rout ine operat ions may be a  world where there are
new and larger  threats  to  US securi ty  than terres t r ia l  d ic ta tors
and intercontinental  missi les .
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